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CORRIGENDA. 


Appendix to Paper No. IV. (On an apparently new Type of the Platy- 
helminthes, by Prof. HaswE tt), p. 153. 


“‘Since this paper passed through the press my attention has been directed 
by Prof. R. Blanchard, of Paris, to the fact that a genus Actinodactylus was 
established in 1890 by Duchassaing for a Tunicate. I, therefore, propose to alter 
the termination, making it Actinodactylella. I have omitted to give a specific 
name in the paper. and now propose to call this remarkable worm Actinodactylella 
Blanchardi,”—W. A. H. 


Page 88, line 23—a full point has been omitted after Dieff. 

Page 128, line 21—/or decribed read described. 

Page 220, line 24—for Passiflora Hebertiana read Passiflora Herbertiana. 
For Plate xxix. read Plate xxvim. 


For Plate xxx. read Plate xx1x. 


PREFACE. 


————3$§ $= > 


Tue project for the publication of a Macteay Memoria, Votume to commemorate 
the late Sir Wittiam Macteay’s eminent services to Science, brought forward by 
Professor Haswett in his Presidential Address to the Linnean Society of New 
South Wales on January 27th, 1892, and adopted by the meeting, was actually 
entered upon shortly afterwards, and has at length, after many unforeseen but 


unavoidable delays, been accomplished. 


The support which has been accorded to the undertaking by scientific men 
in all parts of Australasia has been highly gratifying—and the Committee of 
Publication regret that, owing to necessary limitations, they have been unable 


to find room for all the contributions which were forthcoming. 
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MaciteAy MEMORIAL VOLUME COMMITTEE. 


The Hon. 
Sv Gilliam Macleap, Hit., 
GELS. MLC, 


Sir Winuiam Macteay, the last Australian representative in the male line of 
the old family name which for all but a century has had so honourable a place in the 
annals of biology and which so appropriately links together important biological 
beginnings in Britain and in her vigorous offshoot at the Antipodes, was one of a trio 

of notable men who, having made Australia their home, became completely identified 
with her welfare for the rest of their lives, so that their joint experiences embraced 
‘the greater part of the most important period of Australian history dating from the 
time when the country began to be something more than a penal settlement ; men 
who combined in a remarkable degree scientific tastes with the characteristics and 
personal qualities of colonists of the most patriotic and enlightened type, and who 
samidst the drawbacks and distractions of life in a newly colonised country still found 
‘time and opportunity to cultivate their inherent love of natural history. 


Aexanper Macteay, the pioneer of the Australian Macleays, was. born in. the 
County of Ross on June 24th, 1767. His father, who was Provost of Wick and 
-Deputy-Lieutenant of the County of Caithness, belonged to one of the oldest families 
‘in the north of Scotland. The son, Alexander, in 1795 became Chief Clerk in the 
Prisoners of War Office, in 1797 head of the Department of Correspondence of the 
Transport Board, and in 1806 Secretary of the Board, a post which he continued to 
‘fill until the abolition of the Board in 1818, when he retired upon a pension. In the 
year 1825, at the solicitation of the Earl of Bathurst, Mr. Macleay came out to 
Australia to undertake the important office of Colonial Secretary to the Government 
of New South Wales, which he held until the close of 1836. In 1843 he was elected 
first Speaker of the Legislative Council under the Constitution Act, a position which 
he filled with great ability, judgment and impartiality, so that on his resignation in 
May, 1846, by reason of his advanced age, he retired with the marked approbation 
of both sides of the House. Mr. Macleay died in Sydney on July 19th, 1848, im his 
eighty-first year. 


Mr. Justice Therry in his ‘‘ Reminiscences” thus refers to Mr. Macleay :— 


. “‘ Amongst the leading families and persons who then [in 1829] dispensed a liberal hospitality, was the 
principal officer of Government, Mr. Alex. McLeay—a name favourably known to science as Secretary of 
the Linnean Society. . . . He shared in the Colony for a time a portion of the unpopularity attached 
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to some of the measures of Governor Darling. What share he may have had in their initiation and 
progress cannot now be easily determined. It may be that as Chief Secretary, he considered himself 
responsible for carrying out the mandates of his chief, and this may have induced him to identify himself 
more closely with the general character of his administration than an absolute obligation of duty imposed 
upon him. After he had ceased to hold office, public feeling took a favourable direction towards Mr. 
McLeay. He was returned a representative member at the first election, and chosen first Speaker of the 
Legislative Assembly, when a partially representative Legislative Council was conceded to the Colony. 
There, all measures of a liberal tendency found in him a warm supporter. A graceful tribute of recognition 
of his services was paid to him by his former chief opponent, Mr. Wentworth, when at the close of a long 
successful public career, no longer able from advanced years to perform the duties of Speaker, he relinquished 
office.”* (p. 55). 


In 1794 he was elected a Fellow of the Linnean Society of London, which was 
founded in 1788 though not incorporated until later, Mr. Macleay being one of the 
representatives of the Society to whom a Royal Charter was granted by His Majesty 
George ITT. in 1802; in 1798 he was appointed Honorary Secretary in succession to 
Mr. Marsham, and continued to act in that capacity until his departure for Australia. 
The following Minute of Council, subsequently adopted by a General Meeting of the 
Society, was thereupon entered upon the records of the Society :— 

“The Linnean Society of London take the earliest opportunity after the retirement of Alexander 
Macleay, Esq., from the Secretaryship of the Society, to record upon their Minutes the high estimation in 
which he is held by them on account of twenty-seven years of unremitted and unrequited labour devoted to 


the interests of science ; and that in quitting for a time this sphere of usefulness to fill an honourable 


station in a distant country, he carries with him the cordial esteem and sincere regret of this Society.” 


Mr. Macleay was elected a Fellow of the Royal Society in 1809 ; he was also a 
Foreign Member of the Academy of Sciences of Stockholm, and a Corresponding 
Member of the Academy of Turin. 


As a naturalist he devoted himself almost exclusively to entomology, and at the 
time of his leaving England his collection of insects is said to have been the finest 
and most extensive at that time in the possession of any private individual. Though 
his knowledge of entomology was very considerable he never published anything on 
the subject ; he is said, however, to have had in contemplation and to have made 
preparations for a monograph of the remarkable genus Pazwssas, which was well 
represented in his collection. 


After his arrival in Australia his scientific tastes, even amid arduous official 
duties, soon found an outlet both in adding to his collections and in connection with 
the formation of a Museum, the nucleus of the present Australian Museum, the 
oldest of the Australian Museums. Dr. George Bennett, almost the last survivor of 
the early generation of colonists who were also naturalists, on his second visit to 
Sydney in August, 1832, thus refers to the subject :— 


* Reminiscences of Thirty Years’ Residence [1829-1859] in New South Wales, &c. 8vo. London, 1863. 
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“Tn company with a friend, I visited the Colonial Museum, which is arranged for the present in a 
small room, assigned for the purpose, in the Council-House, and which had been recently established in 
Sydney ; it forms an excellent nucleus for a splendid collection, particularly in a country so prolific in rare, 
valuable, and beautiful specimens of natural productions. . . . The commencement of the public 
Museum is excellent ; and Science, I believe, is indebted for it to the Honourable Alexander Macleay, 
Colonial Secretary; and may he see it attain an importance which no one can enjoy or appreciate more 
than himself, who has devoted the leisure moments of a long and arduous life engaged in other important 
occupations, to the study of the Natural Sciences. . . . To George Macleay, Esq.,* the Museum is 
indebted for many valuable species of birds, which he had collected during his arduous journey in the 
exploration of the course of the Murrumbidgee River, in the expedition under Captain Sturt. . . . The 
Council has liberally granted the sum of two hundred pounds annually out of the colonial funds for the 


support of the Museum.” + 


A few years later the collection had become of sufficient importance to allow of 

the issue of the first “Catalogue of the Specimens of Natural History, &c., in the 
Australian Museum,” an 8vo. pamphlet of seventy-one pages published in 1837, long 
since out of print; and there must be very few colonial publications with a better 
claim than this Catalogue to be considered the first contribution, humble though it 
be, to the literature of natural history printed in Australia. It belongs to the 
primitive era when Sydney had a population of about 20,000 (19,729 at the time of 
the census of 1836), and to the very year in which Governor Bourke visited Port 
Phillip and approved of the site which Captain Lonsdale had selected, whereupon 
Mr. Hoddle, surveyor, “laid out the town of Melbourne and the Governor gave it its 
name.” At this time the Australian Museum was managed by a committee consisting 
of Alexander Macleay, Esq., J. V. Thompson, Esq., Captain P. P. King, R.N., the 
Hon. E. Deas-Thomson, M.C., Charles Sturt, Esq., and George Macleay, Esq., 
with George Bennett, Esq., as Hon. Secretary. It was “open for the inspection of 
the public every Tuesday and Friday from 11 to 4”; and among the exhibits the 
most noticeable were specimens of thirty-six species of indigenous mammals and 
of three hundred and seventeen species of Australian birds, other orders being 
represented by smaller and less representative collections; in addition there were 
a few examples of foreign genera, as well as some ethnological and geological 
specimens. 


Witiiam Saarp Macteay, second son of Alexander Macleay, was born in London 
July 21st, 1792, and was educated at Westminster, and at Trinity College, Cambridge, 
graduating with honours in 1814. Shortly after leaving Cambridge he was 


* Third son of Alexander Macleay, afterwards Sir George Macleay, K.C.M.G. He came out to the colony shortly 
after his father, and accompanied Captain Sturt in his expedition of 1829-30. For several years he represented the 
Murrumbidgee electorate : but shortly afterwards severed his connection with the colonies. He died at Mentone, in June, 
1891, in his 82nd year. 

The last of this branch of the family, Mr. James Robert Macleay, died in London on October 28th, 1892, aged 81 
years. He entered the Foreign Office many years ago, and spent some years at the Cape of Good Hope as Registrar to the 
Mixed Commission for the suppression of the slave trade. He also in his younger days visited Australia, 

+ Wanderings in New South Wales, &c., being the Journal of a Naturalist in these Countries during the years 
1832-34. 2 vols. 8vo. London, 1834. 

b 
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appointed Attaché to the British Embassy in France, and subsequently Secretary to 
the Board of British Claims on the French Government, established at the peace of 
1815: in filling this office he spent several years in Paris, where he became 
acquainted with Cuvier and other distinguished scientific men. On his return to 
England he was promoted in 1825 to the responsible office of H.B.M. Commissioner 
of Arbitration to the mixed British and Spanish Court of Commission for the 
Abolition of the Slave Trade at the Havannah ; in 1830 Commissary Judge in the 
same Court and later Judge in the mixed Tribunal of Justice. After ten years’ 
residence in Cuba he returned to England in 1836 and in the year following he 
retired from the public service upon a pension. Until he finally left England he 
was an active member of the Zoological Society of London, then not long founded, 
and for some time he was a member of the Council. The change from a tropical 
climate to that of England proving detrimental to his health and comfort, Mr. W. 
S Macleay, influenced no doubt by favourable reports from Australia, decided to 
rejoin the members of the family there, and early in 1839 he arrived in New South 
Wales, where he spent the rest of his life. He died in Sydney on January 26th, 
1865, in his seventy-third year. 


Asamember of the Board of Trustees of the Australian Museum Mr. W. S. 
Macleay warmly seconded the efforts of his father ; and until ill-health compelled him 
reluctantly to retire, he is said to have been the life and soul of that Institution ; 
by his advice and able co-operation also the Act for the establishment and endowment 
of the Museum was introduced, and subsequently passed into law. He was for several 
years a member of the National Board of Education, and for a short period a member 
of the Executive Council during Sir William Denison’s administration, and before 
the imauguration of Responsible Government. 


He was the author of “Hore Entomologice, or Essays on the Annulose Animals” 
(1819-21), of the “Annulosa Javanica,” 4to (1825), of the “Annulosa of South Africa,” 
4to (1838), “A Catalogue of Insects collected by Captain King, R.N.” (1826), and of a 
number of important papers on various subjects which appeared in the Transactions of 
the Linnean and Zoological Societies, in the Zoological Journal, the Annals and Maga- 
zine of Natural History and other Journals. He did not confine his attention entirely 
to entomology ; but though he added extensively to the collection inherited from his 
father, and accumulated both notes and sketches, he did not after settling in Australia 
write much even on Australian topics. Four short papers contributed to the Annals 
and Magazine of Natural History [Vols. VIII. and IX. 1841-42], and one to the 
Tasmanian Journal of Science [ Vol. III. 1849], appear to be all that were published 
during his residence in New South Wales. In the latest but one of the former, an 
“Essay on the Natural Arrangement of Fishes,” sent as a letter to J. McClelland, 
Esq., and published in the Calcutta Journal of Natural History, July, 1841, after- 
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wards republished in the Annals and Magazine, he says: ‘“ My residence on the 
sea-side enables me to increase my collection of marine genera [of fishes] . . . but 
my grand desire is to increase my collection of Annulose animals.” 


Mr. W.S. Macleay was among the early contributors to a knowledge of Australian 


» 


insects, though his contributions were only two in number,* for his attention and 
interest were concentrated chiefly on the philosophical aspect of zoology, in investi- 
gating natural affinities and analogies, and in endeavouring to discover the natural 
system of classification, and consequently mere systematic work as such had no 
attraction whatever for him. That he was “satisfied that natural history had higher 
objects in view, than either to name the contents of a museum, to describe new 
species, institute new genera, or even to unravel the intricacy of synonyms” may be 
said of him as he himself says of a few French naturalists after “the majestic 
eloquence of Buffon and the profound observations of Bernard Jussieu were publicly 
known;”f at the same time he recognised “that the student in the more profound 
branches of the science ought to have already paved the way for this sort of research, 
by that intimate and extensive knowledge of species which can always be most easily 
acquired by artificial methods”; and he adds further: “We see, therefore, that 
naturalists must always owe a large portion of gratitude to those who may by the 
help of artificial systems have made the productions of nature generally known.” 


(Hor. Ent. p. 51). 


From the “ Horz Entomologicze” in which were first broached the author's 
views to which at a later stage the epithets of the “Circular System” and 
“ Quinarianism”{ were applied, the following passage is worth quoting, 


“Had therefore my fears of criticism been given way to, I should certainly never have ventured on a 
work where I must be sure to merit it, and on the publication of new opinions which scarcely ever escape it ; 
but I reflected that in the study of nature, the will to criticise produces investigation, and that investigation 
must always tend to the development of the truth; so that if I should be altogether in the wrong, the 
probability is that some good to natural history will have been occasioned in calling forth that investigation 
which is to convince the public that I am mistaken.” 


because his theories were hailed with acclamation by some of his scientific friends, 
more particularly the ornithologists Vigors and Swainson who pushed them to 
extremes so that they fell into disrepute, with perhaps some consequent obscuration 


* An appendix to Part i. of the ‘‘ Hor ” contains the descriptions of a number of peculiar Australian lamellicorns, 
for in defining genera he was strongly impressed with the value of a knowledge of exotic species (p. 89). The ‘‘ Catalogue 
of Insects collected by Captain King, R.N.,” appeared as an Appendix in that distinguished navigator’s ‘‘ Survey of the 
Intertropical and Western Coast of Australia” (1826). 


+ Hor. Ent. preface p. xxiii. 


{A passage from the ‘‘ Annulosa of S. Africa” will furnish a clue to the origin of these terms: ‘‘ The conclusion to 
which we tend by such an analysis as the foregoing, is, that the lowest group in which species combine will be found, 
provided all the species are known, to return unto itself so as to form as it were a circle; and if we could suppose no 
species to be lost or to remain undiscovered, we should further find five of these lowest groups to form another circle, and 
five of these last circular groups to form another, and so on until we arrived at that grand circular group which is called 
the Animal Kingdom” (p. 52). 
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of W. S. Macleay’s real merits; for he was admittedly a man of originality of mind 
and of very distinguished abilities. A recent critic by no means in sympathy with 
the views of Macleay’s ornithological followers, refers to him as “a man of education 
and real genius.”* The following passage from another source is also worthy of 
notice :— 


“Tt would be out of place here to enter into an analysis or criticism of this work (the ‘ Hore 
Entomologicz’), in which, however, it may be said are contained some of the most important speculations 
as to the affinities or relations of various groups of animals to each other ever offered to the world, and of 
which it is almost impossible to overrate the suggestive value. Speculative ideas, however, of such a 
general kind, even in the hands of their author, are apt to be carried too far in their application, and, 
when they fall into those of other speculators of less information and less capacity, can hardly fail to be 
grossly misused. This has been the case with Mr. Macleay’s ideas; and thus, as observed by the author of 
a notice in the ‘ Reader,’ of his labours, the name of the ‘circular system’ and of ‘quinarianism’ became 
almost by-words; and the work of one of the most thoughtful and original of English biologists sank at one 
time into most unmerited neglect.” + 


As in the case also of his father, it is a matter of regret that there is so little on 
record of first impressions of Australia, or of observations in natural history in the 
early days when the field was new ; for it is precisely of such experienced and learned 
men, and in the case of so young a commonwealth, that the lament becomes so true 
that “one of the saddest things in life is to realise that in the death of the elder 
members of the community, so much that is precious in the way of knowledge and 
experience is lost to the world.” 


WittrAm Joy, or, as he called himself in later life, simply Wituram Macteay, 
with whom we are more immediately concerned, unlike his uncle and cousin who at 
the time of their settling in Australia were men already advanced in years, with 
considerable experience of the world, and with European reputations, came out to the 
colony a youth of about nineteen with his career all before him. Yet imbued with 
the spirit of his predecessors, and by taking advantage of the opportunities which 
presented themselves, he shaped such a course for himself as, it is not too much to 
say, not only worthily to sustain but even to enhance the family reputation for zeal 
in the service of Science. 


He was the second son of Kenneth Macleay of Keiss, and was born at Wick, 
County Caithness, on June 13th, 1820. He was educated at the Edinburgh 
Academy, and subsequently entered the University with a view of studying medicine, 
but before graduating the death of his widowed mother entirely changed his plans, 
and shortly after with his younger brother John he came out to Australia in the 
same ship as his cousin W. S. Macleay, arriving in Sydney in March, 1839. 


* Ency. Brit. 9th Edit. Vol. XVIII. (1885), p. 15 (article ‘‘ Ornithology”). 
+ Obituary Notice of W. S. Macleay, Proc. Linn, Soc. London, 1864-65, p. cil. 
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Sir William Macleay’s Australian career covering a period of nearly fifty-three 
years, throughout which, except for a few months’ absence during the cruise of the 
Chevert, he never left Australia, presents three important stages. For the first 
fifteen years an active participation in the development of the material resources of 
the country kept him fully occupied; then as his success as a squatter became 
assured he turned his attention to polities during seven consecutive Parliaments ; in 
the meantime his taste for natural history had begun to assert itself, and for 
fourteen years contemporaneously with his Parliamentary duties he did a good deal 
of scientific work ; from the date of his retirement from the Legislative Assembly in 
1874, and onwards for the rest of his life while health permitted, he gave himself up 
almost exclusively to the pursuit of biology. 


Sir William Macleay did little directly to facilitate the work of any would-be 
biographer ; consequently of the first period above referred to not very full details 
can now be given, though his pioneering experiences as recorded by himself could not 
fail to be interesting. Shortly after his arrival in the colony he and his brother 
John, like many others who came to Australia about the same time, decided on 
embarking their patrimony in squatting pursuits, which they accordingly did, first in 
the Fish River District, near Goulburn, afterwards in the Lachlan and Murrum- 
bidgee Districts. Mr. John Macleay was of less robust constitution than his brother, 
and not long after his arrival, on account of his delicate health he set out on his 
return to England, but died on the voyage home. Sir William, though he continued 
to be largely interested in station property on the Murrumbidgee until within a few 
years before his death, was able from about the time of his entering Parliament to 
rely more and more on his managers, and to withdraw the active supervision of affairs 
which at first had been necessary; for a time indeed he was joined by another brother, 
Alexander Donald, who shared the responsibility of management, but who afterwards 
returned to Europe. 


In the absence of fuller personal details, a little background of contemporary 
history may here be sketched in, because if it be true that “Men are what circum- 
stances make them, and that it is especially the early circumstances and the minuter 
details in a young man’s life that mould the character in the light of which the 
actions of the maturer years must be studied,” then, looking at the commencement of 
his career in the light of the knowledge of its later developments and of its end, it is 
not unreasonable to suppose that the experiences and discipline of those early days 
had some not inconsiderable share in developing and accentuating the manly 
qualities which characterised him, and in after years bore such good fruit. 


Not only had he the initial difficulties and hardships necessarily attendant upon 
a squatter’s taking up new country to contend with, but these were intensified by a 
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series of events which occurred during the administration of the then Governor, Sir 
George Gipps (1838-46), which combined to make this period one of the most 
important epochs in the past history of Australia. 


The need of enterprise and some of the pioneering difficulties to be encountered 
are suggested by the following extracts from a little book published by the late Hon. 
W. A. Brodribb, a squatter of some years’ older standing than Sir William, and one 
of the speakers on the occasion of the opening of the Linnean Hall to be referred to 
later on :— 


“ At this time (1842), very little was known of the country situated on the western side of the main 
road passing from New South Wales to Victoria on the Lower Murray, Edward, Billabong, Murrumbidgee, 
Lachlan, and Darling Rivers. The general impression was that all this lower country to the westward 
was too dry, too flat, and too arid for any purpose, and the few who had travelled over it described it as a 
miserable, wretched, useless country. Some few localities were taken up on the banks of some of the 
rivers ; little or no value was attached to them. Experience since has proved all this country to be the 
most valuable portion of New South Wales for the breeding and fattening of sheep, cattle, and horses, and 
the greater portion of the fat stock consumed in Victoria now is fattened in this country. Had the 
overlanders of 1842 been aware of this, they never would have gone to the expense and trouble of 
attempting to find the route to the new country named Gippsland, and discovered by the Count [Strzelecki].” 
(p. 24). 

“JT may here remark for many years all this country was considered useless for any purpose ; in fact, 
it was considered a desert for more than eight months in each year, and during the continuance of the hot 
weather, even if it would answer, the distance and bad roads to the markets would be another great 


objection to occupying it ; besides, the aborigines were hostile and dangerous. 


“ Notwithstanding, many of our young men, enterprising colonists, fond of novelty and danger, formed 
cattle and sheep stations on the banks of the permanent streams, such as Messrs. . . . William and 
John Macleay (nephews of the late Colonial Secretary, Mr. Alexander Macleay),” and others (p. 65).* 


To some of the more important events which occurred during Governor Gipps’ 
administration brief reference may also be made, for in giving full effect to the 
redtape measures of Downing Street, in whose interests very much more than in 
those of the colonists he administered the Government, Sir George succeeded in 
arraying against himself in bitter hostility and antagonism every colonial class and 
interest. Among other things his departure from the land policy of his popular 
predecessor, Sir Richard Bourke, rendered him particularly obnoxious to the 
squatters. Free grants of land offered in the interests of emigration having ceased 
in 1831, grants by purchase were introduced. In Governor Bourke’s time the Crown 
lands of the interior suitable for pastoral occupation were offered for sale by auction 
at the upset price of five shillings per acre, the object being by not restricting but 
by encouraging occupancy of the land to an unlimited extent to promote the settlement 
of the country, and to stimulate colonisation of the right sort by giving freehold 


* “Recollections of an Australian Squatter, or leaves from my Journal since 1835.’ By Hon. W. A. Brodribb, 
F.R.G.S., M.L.C. [8vo. Sydney: John Woods & Co. (1883).] 
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rights as an encouragement to permanent residence and interest in the country. 
Governor Gipps, on the contrary, among other innovations, proposed, at a time when 
the colony was already in financial difficulties, to make the purchase of a certain 
proportion of the land held compulsory at the end of each successive five years’ lease, 
and to raise the upset price of Crown lands from five shillmgs per acre to the 
prohibitive one of twenty shillings, his idea being to restrict the sale of Crown lands 
until they could be sold at the price named, or as he says in one of his despatches to 
the Secretary of State, “I am an advocate for selling at a comparatively high price 
or not at all.” 


The troubles of the squatter arising from this source and having relation to the 
tenure of the land, however, were not all that at this time hampered his progress. 
Drought and bad seasons, intense commercial depression wide-spread and deep in 
the years 1842-4, during which stock of all kinds became almost unsaleable and 
advances of money were only procurable upon ruinous terms of interest and security, 
together with outbreaks of scab, catarrh, and anthrax among the flocks, supervened 
and well-nigh completed the measure of the squatter’s woes. 


A timely rise in the price of wool at the end of 1844, and the newly introduced 
practice of boiling down sheep for the tallow obtainable, mended matters somewhat; 
and finally the discovery of gold in 1851 with the much needed influx of population 
and consequent demand for stock of all kinds, helped the squatters out of their 
troubles and placed the colony shortly afterwards in the enjoyment of a full tide of 
prosperity. 


The material welfare of the Australian colonies at the present time has a three- 
fold souree—pastoral pursuits, agriculture, and mineral wealth, of which the first is 
not only the oldest, for as Dr. Lang says “ Every Australian colony was necessarily 
in the first stage of its existence a pastoral colony,” but still is the greatest source of 
wealth. It is not surprising therefore, that, as the squatters were the wealthiest 
and most powerful section of the community and included in their ranks men of good 
birth and education, they should have aspired to be represented in the Councils of the 
country. Such matters as land-tenure, the opening up of the country by roads and 
in due course the construction of railways, and others of cognate importance requiring 
legislative enactments underlay the great pastoral industry upon which the welfare 
of the country at first mainly depended and the expansion of which, reinforced by the 
discovery of gold, was so largely instrumental in laying “the foundation of an empire 
on the sweepings of British gaols.” 


Time has materially softened down, if it has not entirely extracted any sting 
from, the fierce denunciations with which Australian squatters as a class were assailed 
in some quarters only about forty years ago. No doubt there have been squatters 
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and squatters; but in the light of present knowledge of the careers of men like 
William Macleay and his contemporaries mentioned below—all of whom have 
but recently passed away—and of many others, some of them still with us, it would 
hardly do at the present time to apply to squatters as a class all that that trenchant 
divine, Dr. Lang, said of them in 1852, as follows :— 


“Many of the squatters were men of standing and education from the mother-country, who had 
merely gone out to the colonies, as adventurers go to the East or West Indies, to make their fortunes and 
to return to England. Notwithstanding the vast tracts of pastoral country which they held in temporary 
occupation under their squatting licenses, very few of them were possessed of the fee simple of a single 
acre of ground in the colony. They had, therefore, no permanent tie in it—for very few of them were 
married—and no peculiar interest in its moral welfare and social advancement. Besides, a considerable 
number of these gentlemen were men of aristocratic notions and feelings, who disliked the advances that 
were evidently making by the middle and industrious classes of the free emigrant population around them, 
and who felt that their own dignity and selfimportance would be much more easily maintained in the 
country if there were no middle class in the community at all—nothing, in short, between the master and 
the slave.” (Vol. I. p. 386.) 


And again: ‘Through the discovery of gold in Australia, and the consequent influx of population 
from the mother-country, the ascendancy of the squatters of the Australian colonies will also cease to 
determine. The object of these gentlemen was to occupy and engross the country for themselves exclusively, 
to partition it out in immense sheep-walks and cattle-runs, and (virtually) to prevent the influx and settle- 
ment of an agricultural population. Their object, in other words, was to keep the people down when they 
were down, and to give them no chance of rising for the future. . . . But this game is now up, and 
the days of squatting—in the sense of a powerful political party for whose aggrandisement the interests of 
the public were compromised and sacriticed—are now ended. Like the Grave, the Diggings have already 
levelled these past distinctions, and they are fast placing the wealth and property of the country in the 
hands of men of nerve and sinew—men of industry and perseverance—men of honesty and integrity ; who 
are perfectly willing to accord to others all they claim for themselves—‘a fair field and no favour.’”* 
(Vol. II. p. 425.) 


One aspect of the other side of the question may be put in in a few sentences 
from a speech by the late Sir John Hay, the President of the Legislative Council, at 
a banquet tendered to Sir William Macleay by a number of his old Parliamentary 
friends on the eve of his departure in the Chevert in May, 1875. Said Sir John, 
who had been twitted by the late Hon. William Forstert with having been a 
squatter :— 

“T must remind the honorable member who has spoken of me as a squatter who came to the front 
at an early period, that it has not been at all unusual for squatters to come to the front in political matters. 
I will bring to the recollection of my honorable friend that he himself was a practical squatter, and 
although the honorable gentleman’s great squatting abilities have been lost sight of in a kind of halo of 


glory which surrounds his political character, still he is not less a squatter than J or my friend Mr. Macleay. 
My friend on the left, too [the Honorable John Robertson], who is now the Premier of the Colony, and the 


* Historical and Statistical Account of New South Wales. By J. Dunmore Lang, D.D. Third Edition, 2 vols, 1852. 


+ Whose successful efforts in bringing under the notice of Mr. Krefft the type specimens of the Queensland mud-fish 
(Ceratodus Forsteri) are now a matter of history. 
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most notable public man amongst us, was a squatter, and came into notice whilst engaged amongst sheep 
and cattle, and with the stockwhip in the ranges, I am happy to say that having been a squatter in my 
early days, I can look back upon these facts with some degree of satisfaction. In fact, squatters have not 
only made politicians, but they have made very earnest and very unselfish politicians.” 


Among those who even before the introduction of Responsible Government 
desired to serve the country in the eapacity of legislator, was William Macleay 
whose intellectual horizon was never at any time bounded by the possibilities of 
merely accumulating wealth. In 1855 he was elected to the old Legislative Council 
as Member for the Lachlan and Lower Darling, and in the year following, on the 
introduction of Responsible Government, he was returned to the first Legislative 
Assembly for the same constituency, which he continued to represent until 1859, 
after which until the dissolution of November, 1874, when he retired in order to 
devote himself more fully to the study of natural science, he sat as Member for the 
Murrumbidgee electorate in succession to his cousin George Macleay, already referred 
to, who retired and subsequently left Australia. In 1877 he was called to the Upper 
House, of which he remained a member for the rest of his life; and though he did 
not take a very prominent share in the deliberations of the Legislative Council, 
his keen interest in all public matters continued unabated. 


As a politician Sir William was no office-seeker; he preferably took up the 
position of an independent member characterised by a sincere desire for useful 
legislation in the interests of the progress of the country. Firmly believing that the 
capital and the larger towns received more than a fair share of attention to the 
partial neglect of the inland districts, he consistently and warmly espoused the cause 
of the latter, especially in the matter of improving the means of internal communica- 
tion. He was strongly impressed with the conviction that the extension of the 
trunk lines of railways would be an important factor in hastening on the development 
of the country, and in the case of the Southern line more particularly would tend to 
keep within the colony to which it territorially belonged a considerable amount of 
trade in wool and other produce which by the enterprise of a neighbouring colony 
and especially by the want of enterprise at home was in danger of being diverted. 


As a sequel to his persistent advocacy of the extension of the Southern line of 
railway to the border, he had the satisfaction of being present, in September, 1878, 
_at the opening of the line to Wagga, 309 miles from Sydney. And no one better 
than himself who had so often made the wearisome journey by road could better 
appreciate the importance of that extension. The journey from Sydney to Sir 
William’s station, about 90 miles distant from Wagga, before the introduction of 
railways used to occupy him nine days, travelling in his own vehicle, and resting at 
night. The journey by mail coach, travelling day and night, was of course shorter, 


and for teams much longer. The journey by train to Wagga now occupies about ten 
c 
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and a-half hours; while Kerarbury, Sir William’s old station, from the Hay line can 
be reached in about twenty-one hours including stoppages. 


Though his earnest advocacy of railway extension was the salient feature of his 
Parliamentary career of nearly twenty years, he at the same time took an intelligent 
part in the general work of the Legislature. As indicating some of the questions of 
the day in which he took a special interest it may be mentioned that he moved for 
the appointment, and was subsequently chairman, of the several Select Committees of 
the Legislative Assembly appointed to inquire into and report upon: “The defences 
of Port Jackson, and the best means of guarding the port and city of Sydney from 
foreign attack” (1863); “The distress at present existing among the working classes” 
(1866); “The alleged conspiracy for purposes of treason and assassination” (1868-9); 
and “The best mode of facilitating inland traffic and upon the subject of railway 
extension generally” (1870). We cannot better conclude the notice of this part of 
the subject than with a few extracts from the speech already referred to of Sir John 
Hay who by his long Parliamentary experience successively as Member, Minister, 
Speaker of the Legislative Assembly, and President of the Legislative Council, was 
eminently qualified to speak on the subject :-— 


“T have known Mr. Macleay for almost the whole period during which we have been in the Colony,* 
and as I think I am one of his oldest friends, I have peculiar pleasure in occupying the position [that of 
Chairman] to which I have been called to-night. I have had occasion at different times to express my 
regret that those who have owed so much to the Colony should have done so little in return ; that those 
who were gifted with ability and wealth, and who owed everything to the Jand of their adoption or their 
birth, should not have thought it their duty to endeavour to assist in the councils of the country, to undergo 
those trials to which public men were subject in order that they might give those services they were capable 
of rendering. There is, however, one remarkable exception, and that is the example of our friend Mr. 
Macleay. I am not going to say that he might not have done more with his advantages and abilities; but 
we must at all events acknowledge that he had performed the functions of an independent member of 
Parliament in a manner which was in the highest degree creditable to him, and that he had retired from 
that position without a stain on his character. If Mr. Macleay had gone further and taken office during 
the term of nineteen years in which he sat as a private member of the Legislature, I think that he might 
have done more for the Colony than it was possible for him to do as a private member. But, however that 
might be, Mr. Macleay has set an example of fidelity and disinterestedness which is worthy of being 
imitated by those who aspire to become the representatives of a constituency in Parliament. Mr. Macleay 
has always been engaged in pastoral pursuits, but no one would venture to say that during his public 
career he had been influenced by considerations of self-interest ; while his personal interests might have 
been identified with one particular class he had shown that, as a representative, he could rise superior to 
all such considerations ; and his aim had been to promote the welfare of the people as a whole.” 


It was on the return journey from Wagga on the occasion of his re-election to 
Parliament in December, 1864, that Sir William came into collision near Plumb’s 


* Sir John Hay arrived in the Colony in 1838, about a year before Sir William ; he died about a month later than 
his old friend (in January, 1892). 
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Inn on the Goulburn road on December 19th with one of the most notorious of the 
gangs of outlaws that during the gloomy period of 1863-66 infested the country and 
overawed large numbers of persons in the interior by their audacity and success. 
His courageous conduct on this occasion and his commendable example in successfully 
asserting, rifle in hand, his right to travel on the high road when three desperate 
ruffians, Gilbert, Hall, and Dunn, one of them a recent murderer of police, held 
possession of it on the hill overlooking the inn, and having just finished with the 
Goulburn coach were actively engaged in the process of “ sticking-up” several 
teams and a number of travellers when Sir William, accompanied only by a boy who 
was driving the buggy, came on the scene and raised the siege, afterwards received 
official recognition by his being chosen one of seven gentlemen to whom in 1875 the 
Government awarded gold medals “granted for gallant and faithful services” rendered 
during the period when bushranging was rife. 


During Sir William’s early Parliamentary career the exigencies of Parliamentary 
life necessitated residence during at least part of the year in the metropolis, but 
about the time of his marriage, in June, 1857, to Miss Susan Emmeline Deas-Thomson, 
second daughter of the late Sir Edward Deas-Thomson, C.B., K.C.M.G.—a colonist 
of great merit and high standing who succeeded Mr. Alexander Macleay as Colonial 
Secretary—he made Sydney his permanent home. This paved the way for what 
after all was the most important work of his useful life, and for the service of greatest 
value rendered by him to his adopted country—the task he set himself of advancing 
the study of natural history in this colony, and this in a way not calculated to 
attract particular notice or provocative of the stimulus of public applause, and at a 
time when the prospects of the zoological branch of biology in Australia were not 
very brilliant, and its development in the embryonic stage. 


And in taking this course not only did Sir William Macleay directly confer 
benefits of a substantial character upon Science, but the moral force of his example 
cannot be without beneficial influence in a community so young. He was essentially 
the product of his old-world birth and early experiences, of family tradition and 
example, and of the invigorating new-world influences under which he attained his 
maturity. Fortune rewarded his early efforts with success after experiences that 
were sharp if comparatively short, but found him indisposed for inglorious ease. In 
the rational utilisation of his knowledge and resources he found his work, and in 
carrying it through he may be said to have been inspired with the sentiment “ of the 
larger, more generous, modern spirit of democratic society in which each man has the 
opportunity and is consequently under the responsibility to make the best of himself 
for the service of his fellow-men.” And in some measure he found his opportunity 
in the fact, not a little strange, that the oldest of the three earliest of the Australian 
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colonies was the last* of which it can be said that, even to a partial extent, its 
“Government rightly understanding the relations which ought to prevail with the 
scientific societies judged to be deserving of their support” recognised the claims of 
such “to encouragement and assistance on the part of the State” on the ground of 
devotion “to scientific pursuits unremunerative to the members, but tending directly 
or indirectly to public benefit.” And the example of a man of social position, without 
his sanity being open to question, devoting the best part of his life and of his wealth 
to the advancement of one branch of natural science—and that more particularly the 
most pressing for consideration, and yet which holds out least hope of pecuniary 
emolument, at any rate in the near future—not merely without any immediate 
prospect of the payment of dividends, but in the full expectation that never at 
any time can there be any direct return exactly calculable in terms of pounds, 
shillings, and pence, is one calculated to command attention and to do good outside 
the limited scientific circles of the country. And it is at once a tribute to the 
importance of the subject whose welfare it was his aim to foster, and a measure of his 
belief in the splendid heritage of work, over and above all that non-resident naturalists 
have done, are doing, or may do, which yet remains to Australian workers because of 
their residence in and personal knowledge of the country whose productions it is their 
aim to study. And not less also is it a protest against a disposition in some not 
uninfluential quarters in the colonies to believe that money spent on scientific 
objects is wasted unless, in the absence of directly remunerative results, there should 
be at least a substantial guzd pro guo in the shape of an exhibition or show of some 
kind provided for the delectation or education it may be of the public, and the merits 
of which are so often thought to be enhanced by such considerations as the inclusion 
of at least one object of its kind “the largest in the world.” 


And in Australia over and above the interest which attaches to the subject in 
the abstract,t Biology has a special claim for recognition due partly to the intrinsic 
merits of the Australian fauna and flora, and partly to the deadly nature of the 


* “Tn England, the Royal and other Societies are provided with splendid rooms in Burlington House, which must 
have cost the Government upwards of £100,000. . . . Coming nearer home, the Royal Society in Victoria received 
from the Government a piece of land in Melbourne, and £2000 towards the building, together with an annual grant of 
£200. In Tasmania the Royal Society is provided by the Government with fine rooms, and has an annual grant of money, 
and so in other places; while the Royal Society of Sydney has never received any assistance from Government except the 
printing of our Journal since 1873.” [Mr. H. C. Russell’s Presidential Address to the Royal Society of N.S.W., 1877, 
Journ. and Proe., Vol. XI. p. 6 (1878).] 


+ Biology ‘‘is now admitted to be one of the most important branches of general science, specially important in its 
relation to our material prosperity. Our food and raiment, the essentials of life, are derived exclusively from the animal 
and vegetable kingdoms ; and biological products contribute largely to many of our luxuries; whilst, on the other hand, 
some of the greatest calamities with which we are afflicted are due to the rapid development of animal or vegetable life. 
Many are the associations, under Government as well as individual patronage, devoted to the improvement and increase of 
useful animals and plants ; and of late attention has been also devoted to the arrest of the ravages of the noxious ones, the 
balance of natural selection being disturbed by the interference of agriculture and animal education. The due study of 
the means of restoring this balance, of turning it more and more in our favour, of calling in to our aid more and more of 
the hitherto neglected available species or of the hitherto latent properties of those already in use, of checking the progress 
of blights and murrains, requires a thorough knowledge of the animals and plants themselves; and that thorough 
knowledge can only be obtained by the scientific study not only of particular animals and plants supposed @ priori to be 
useful or noxious, but of a// animals and plants.” [Presidential address to the Linnean Society of London, November 6th, 


1873. By G. Bentham, F.R.S.] 
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struggle against numberless foreign and for the most part protected competitors in 
which, with the aid of all the appliances of modern times, the advent of civilised 
man with his belongings and his hangers-on has comparatively suddenly involved the 
terrestrial members thereof more particularly; so that over nearly the whole of a 
continental area equal in size to Europe, and in the short space of eighty years*—a 
period not transcending many a single life-time—-the ‘balance of nature’ has been 
disturbed in so potent a manner as to threaten results in the not distant future 
analogous to those which in older countries have been the slower growth of centuries. 


And as a considerable portion of the period mentioned is coincident with that 
during which the researches of Charles Darwin more particularly have added new 
interest to, and have so profoundly modified the aims and methods of the study of 
Biology; and as no second Australia yet remains to be discovered, it is not only 
eminently desirable that no time should be lost, and that no efforts should be spared 
to realise to the full the splendid opportunity of knowing in something like its 
entirety the fauna and flora of one great continental area so recently disturbed by 
civilised man, but the neglect to do so would be nothing less than culpable carelessness 
since such a-grand opening can never again present itself. And the systematic 
observations and work necessary to complete the census of the flora and fauna would 
not only open up the field for the morphologist, the physiologist, and the philosopher, 
but at the same time bring in their train much in the way of valuable data utilisable 
in the future as the basis of comparison and generalisation, and as a most important 
contribution to the consideration of that great question—the extent and character of 
the profound changes wrought by human action on the physical and organic conditions 
of the globe. 


And since from the commercial or non-scientific standpoint the white man has 
been so successful in his merely aggressive relationst with the Australian fauna and 
flora, it is worth while briefly considering the more important agencies which pari 
passu have been endeavouring to deal with the scientific side of this great problem; 
and which by their efforts to add to a scientific knowledge of the flora and fauna as a 
whole, have yet, on the lines so admirably laid down in Mr. Bentham’s address, been 
preparing the way in the future for the devising of mitigating or remedial measures 


* For twenty-five years after the foundation of the colony (in 1788), the settlers on the mainland were confined to 
the little patch of coast bounded by Port Stephens on the north, Jervis Bay on the south, and the Blue Mts. on the west. 
It was the successful attempt of Wentworth, Lawson, and Blaxland to cross the Blue Mts. in May, 1813, under stress of 
drought, that opened the way to the immense pastoral lands of the interior. Within the last thirty years the opening up 
of the country by railways has given a great impetus to settlement. In 1863 the number of sheep in New South Wales 
was 7,790,969 ; in 1891 the number was 61,831,416, according to the official records. 


+ It is not merely that man has disturbed the old relations of the members of the fauna and flora inter se, or that he 
has been so successful in elbowing them aside to make way for himself, his flocks and herds, rabbits, and weeds, but some 
of his actions are intentionally and deliberately of a destructive character. In New South Wales alone in the year 1891 
the sum of £46,795 was officially disbursed as payment of bonuses for scalps of so-called ‘‘noxious animals,” namely 
[besides 20,262 wild pigs and 649,131 hares], 1,140,953 marsupials (kangaroos, wallabies, wallaroos, kangaroo rats, 
wombats, bandicoots, paddamelons, and opossums), 11,530 dingos, 3,502 eagle-hawks, 21,929 crows, and 871 emus. This 
does not include animals killed but not officially accounted for ; and the sacrifice has now become an annual one. (Vide 
Coghlan, Wealth and Progress of N. S. Wales for 1892, pp. 381-382.) 
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which as the result of man’s wholesale disturbance of nature’s arrangements have 
begun, as they were bound to do sooner or later, to call for attention. And for the 
sake of simplicity we may confine our attention briefly to the zoological branch of the 
subject. 


The existing knowledge of the Zoology of Australia is the result of about one 
hundred and twenty years’ work contributed to by many hands and many minds. 
The rather meagre first-fruits in the way of material were obtained during Captain 
Cook’s first voyage ; but beyond specimens of the kangaroo and of Cook’s Phalanger, 
and the Banksian collections of fishes and insects, which were handed over to 
Broussonet and Fabricius respectively, the direct zoological results were not of very 
great moment. The work really began upon the important and more representative 
collections obtained and sent to England by Surgeon White and his colleagues, who 
came out with Captain Phillip’s expedition on the founding of the colony in 1788. 
From that time steady progress has been made, resulting in the present substantial 
accumulation of knowledge. It is not, however, our present purpose to dwell upon 
the history of the parent division of the subject, associated as it is with the names of 
such a galaxy of eminent European zoologists and comparative anatomists, past and 
present ; nor, since the time of Commodore Wilkes’ expedition (1838-42), have 
American naturalists been altogether unrepresented. 


Our concern is rather with a collateral branch—the contribution to the sum 
total of recorded knowledge made by Australian workers ; a factor in the general 
progress of knowledge which, unpretentious enough in its beginnings and long 
retarded in its growth by unfavourable conditions in its childhood, has only of late 
years attained to lusty youth, showing hopeful and definite signs of promise in the 
future. Early in the century, residents, in addition to collecting, began to make 
observations on the habits and economy of some of the more striking members of the 
fauna, such as the Ornzthorhynchus particularly, or upon some of the more conspicuous 
forms belonging to groups in which the particular bent of their natural history tastes 
especially interested them ; and the results of their investigations were contributed 
to European scientific journals, or they were incorporated in books of travel ; some- 
times, indeed, extracts from letters to scientific friends at home touching upon some 
particular phase of the natural history of the newly colonised country did duty for 
more formal contributions.* 


By degrees as settlement progressed the numbers of those interested in intellec- 
tual pursuits generally began to increase, and Scientific Societies were formed in the 
three older colonies—in New South Wales the Philosophical Society of Australasia, 

* Among these early contributors may be mentioned Mr. G. P. Harris, Sir John Jamison, Dr. P. Hill, Rev. J. 


McGarvie, T. Axford, Dr. G. Bennett, Lieutenants Maule and Breton, Mr. R. H. Lewis, Mr. A. H. Davis, Mr. T. Winter, 
and Mr. R. Gunn. 
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founded as early as 1821; the Tasmanian Society, founded in 1838; the Victorian 
Institute, founded in 1854, and the Philosophical Society of Victoria, founded in 
1855, these two Societies shortly afterwards amalgamating in 1856 as the Philo- 
sophical Institute of Victoria, subsequently the Royal Society of Victoria. 


The working zoologists in the colonies in these early days, however, were from 
the nature of circumstances never very numerous ; and their work at first was more 
or less that of field naturalists, for their efforts in other directions were insuperably 
hampered by the want of books and of reference collections, as well as by want of 
leisure, and by their isolation. A. distinct advance was made when at least a portion 
of their work came to be published locally, and when they began to compile local 
fauna lists, and still later, from about 1852, to attempt in the light of local knowledge 
in a small way to deal critically with already described species, and to work up groups 
which had previously not received attention, because, among other reasons, it brought 
the workers in touch with intelligent colonists with a taste for natural history living 
in other and favourable localities, whose interest was aroused, and who, through 
their desire to make local collections, their anxiety to see them worked up, and 
their readiness to communicate the results of their observations, were led to become 
valuable coadjutors. 


Of the older Australian Scientific Societies* above-mentioned, the Tasmanian 
Society more particularly concerned itself with biology. It was also the first to 
issue a publication; and a very creditable production indeed, under the circumstances, 
the Tasmanian Journal is, the first Part of which was published in 1841. This 
contains, besides contributions from visiting naturalists and by others non-resident, 
two zoological papers which, as the first contributions by residents published by an 
Australian Society, deserve mention, namely, Dr. E. C. Hobson’s paper “On the 
Callorynchus australes,’ and the Rev. T. J. Ewing’s “Catalogue of the Birds of 
Tasmania.” From 1856 the Transactions of the Philosophical Institute of Victoria 
began to include a fair proportion of zoological papers. The Philosophical Society 
of Australasia and its successors were not for some considerable time [until 1866] in 
a position to publish a Journal, nor among its members in the early days were there 
apparently many active biologists. 


The rate of progress of the knowledge of Australian Vertebrata naturally has 
been more rapid than that of the Invertebrata, the larger and more conspicuous forms 
first claiming attention. Thirty years ago, even making full allowance for all that 
has been accomplished since, the knowledge of the Vertebrata was well advanced, a 
result, as regards the bulk of the terrestrial forms, largely due to the enterprise and 

* A résumé of the histories of two of these Societies will be found in the Presidential Addresses of Mr. H. C. Russell, 


B.A, F.R.S., C.M.G., and Sir Robert Hamilton, K.C.B., LL.D., to the Australasian Association for the Advancement of 
Science at the Sydney and Hobart Meetings. Reports, Vols. I. and IV. 
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enthusiasm of John Gould, whose magnificent monograph on the “Birds of Australia” 
was completed in 1848, and that on the ““Mammals of Australia” in 1863. 


With the much more numerous orders and species, and on the whole smaller and 
less conspicuous individuals to be dealt with, the knowledge of the Invertebrata was 
relatively much behind, and almost all that had been done was the work of non- 
resident naturalists. Of the zoological papers up to the year 1860 published by 
Australian Scientific Societies, all but a few were concerned with the Vertebrata, the 
more important exceptions being the Rev. R. L. King’s three papers on freshwater 
Entomostraca,* Mr. W. Swainson’s observations on Australian Mollusca,+ and the 
first and second of a series of contributions to a knowledge of Australian Polyzoa, 


continued up to the present day, by Dr. P. H. MacGillivray.t 


Entomology, which from the first had attracted the notice of European workers 
beginning with Fabricius, who in his Systema Entomologize (1775) described the 
Australian species in the Banksian Collection, had not been advanced by a single 
locally published original contribution from any resident naturalist. A work entitled 
“Natural History of the Lepidopterous Insects of New South Wales,” by J.. W. 
Lewin, a resident, had, however, been published in London as early as 1805; and 
several residents had contributed a few papers to European Journals later than this 
but prior to 1860. 


The decade 1860-70 was a most important one in the annals of Australian 
Biology, especially in New South Wales, for it inaugurated the improved condition 
of things, which, thanks largely to William Macleay, continues to the present day. 
The mother colony, New South Wales, instead of being last in the race, now began 
to come to the front, and this in spite of such drawbacks as that at this time and 
even until 1883, the Sydney University, the oldest of the colonial Universities, was 
without a Medical School, and consequently took no account of biology ; and that 
the total number of those in the colony with whom zoological pursuits were the 
serious business of life, and who held official positions by virtue of biological 
qualifications, amounted to one—the Curator of the Australian Museum, whom the 
exigencies of the time required to be, if the expression may be allowed, more or less 
a universal specialist. Within the period mentioned, the few old workers set to work 
with renewed activity, and a number of new workers entered the field ; much of their 
work began to be published locally not merely under the auspices of Scientific 
Societies, but in the form of separate publications, such as Cox’s “Monograph of 
Australian Land Shells” (1868), and Krefft’s “Snakes of Australia” (1869), while 


* Three papers in the ‘‘ Papers and Proceedings of the Royal Society of Van Diemen’s Land.” Vol. II. Part 2, 1852 
[1853], pp. 243 and 253: Vol. III. Part 1, 1854 [January, 1855]. 


+ Three papers. Ibid. Vol. III. Part 1, 1854 [1855], pp. 36, 42, and 46. 
+ Two papers in Transactions of the Philosophical Institute of Victoria, 1859, Vol. IV. pp. 97 and 159 [1860]. 
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Parts 1-3 of Scott’s “Australian Lepidoptera and their Transformations” were 
published in London in 1864. Early in the decade too Professor McCoy in 
Victoria, and Mr. G. F. Angas of South Australia, began to publish important 
zoological papers. 


From the date mentioned until the present day, in which Australian workers in 
proportion to their number have begun to undertake a fair share of the work to be 
done, the advance has been, with little interruption on the whole, steady and marked. 
Not only have the older Australian Scientific Societies outgrown their early troubles, 
but Scientific Societies generally have multiplied, and in most of the Colonies such 
as have asked for it are now in receipt of aid in some shape from the State on a more 
or less liberal scale, though subject to the periodically recurring exigencies of 
retrenchment, and not therefore of an absolutely permanent character. The three 
Australian Universities now include in their curricula the teaching of biology on 
modern lines. Government Scientific Institutions, such as, for example, the Aus- 
tralian Museum and the Department of Mines of New South Wales, by increased 
endowments—also subject to reduction in times of retrenchment—have been able to 
extend their purely scientific operations ; while the successful inauguration of new 
Departments, such as that of Agriculture, with its scientific staff, are all contributing 
to the general advancement. And lastly, the scientific federation of the Australasian 
colonies in and through the recently established Australasian Association for the 
Advancement of Science fitly rounds off and completes the cycle of scientific agencies 
now at work in Australasia. All that can reasonably be desired in the way of 
organisation is now forthcoming. The pressing need of the time is an increase in the 
number of workers sufficient both to supply the places of the veterans who in the 
ordinary course of nature are ceasing from their labours and yet to provide a 
progressive increase in the total number. 


Finally, as the net result of all the agencies hitherto at work, in the year 1893 to 
the Australian Fauna generally may perhaps be fairly applied the words of Dr. P. L. 
Sclater in his Presidential Address to the Biological Section of the British Associa- 
tion in 1875—words on that occasion restricted to the Vertebrata alone—who said : 
“That we know more of the fauna of Australia than of other English colonies im 
different parts of the world is certain.” 


Nor is it too much to say that no local efforts have contributed more to this 
general advancement of Australian zoological knowledge than the work accomplished, 
without aid from the State, by the Entomological and Linnean Societies of New 
South Wales, of each of which Sir William Macleay was at once the moving and 
the sustaining spirit. And as the Societies mentioned were largely the instruments 


in and through which he, at the same time sinking his individuality, elected chiefly 
d ; 
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to work, and furnished the channels through which much of his munificent liberality 
began and continued to flow; and further, as apart from the necessary compliance with 
the legal forms requisite to give effect and permanence to his intended benefactions, 
he has left almost nothing on record except in connection with the operations of these 
Societies, it becomes necessary in further considering the subject in hand to touch 
briefly upon some of the more important features of their history. 


With what might almost be called hereditary tastes, or at least with the influence 
and example of his distinguished relatives, and with the opportunity of access to the 
Macleay Collection and library, it is hardly surprising that sooner or later Sir William 
Macleay should have begun to take a warm interest im natural history, and more 
particularly entomology. What at the time might at first sight have seemed 
surprising—though his subsequent career has now dissipated any ground for surprise 
—is that even at this early period, at the very outset of his career as a working 
naturalist, he should have been possessed with the desire not merely to do some 
useful work himself and that for love of it, but to see and to encourage united and 
organised effort, and this without attempting to arrogate to himself any air of 
patronage, without any assumption of dictatorship, but rather in a spirit of comrade- 
ship—an earnestness of purpose, and a breadth of view which characterised him for 


the rest of his life. 


The Macleay Collection passed to him by inheritance on the death of Mr. W. 8. 
Macleay in 1865; but before this he had possessed for some years a small collection 
of foreign insects ; and as the result of his own collecting he had both added to the 
Macleay Collection, and commenced an Australian collection of his own. In 1861 
he began to accumulate material on a more elaborate and systematic scale ; for in this 
year Mr. Masters went under Sir William’s auspices on an extended collecting tour 
to Port Denison, then newly settled ; and some of his early papers were based on the 
examination of this material. Mr. Damel, in like manner, spent twelve months in 
Fiji on a similar errand. Exactly how far and in what way the acquisition of the 
valuable collections so obtained may have helped on the formation of the Entomo- 
logical Society of New South Wales, which was founded shortly afterwards, it is not 


now possible to determine. 


On April 7th, 1862, a preliminary meeting of a few gentleman interested in 
entomology was held at Sir William Macleay’s residence, when the desirability of 
founding a local Entomological Society was affirmed, and a committee appointed to 
draw up rules and make arrangements. The justification for such a step was to be 
found in the facts that two important zoological collections were domiciled in Sydney, 
that though a Scientific Society had long been in existence in New South Wales, little 


XXVII. 


or no attention had been paid to biology, and that up to date it had not issued publi- 
cations though for a time the papers read before the Society were published in the 
Sydney Magazine of Science and Art (2 vols. 1857-59). There seemed to be a 
desirable opening, therefore, for a Society which should confine its attention to 
biology, and, as the number of members, especially working members, was not likely 
to be large, to one particular section of biology, and which should issue its 
publications at short and if possible regular intervals, imstead of delaying the 
publication of papers until the annual volume was complete in itself. 


The first formal meeting of the new Society was held on May 5th, at which 
rules were brought up for consideration and adopted ; while at the June meeting, in 
addition to the reading of the first paper, there was an election of office-bearers and 
Council, Sir William Macleay being elected President, which post he filled for two 
years, subsequently becoming, and continuing for the remainder of the Society’s 
career, Hon. Secretary. His two admirable little Presidential Addresses, which 
were suggested by the pressing needs of all local workers at that time, deal with the 
history of Australian Entomology, or offer words of advice and encouragement to 
those desirous of following up the study of insects, with the recommendation to such 
not merely to exercise themselves in identifying described species or in describing 
new species, but to make observations on the habits, metamorphoses, geographical 
distribution, anatomy, and economic importance, whether as friends or pests, of 


Australian insects. 


The new Society seems to have started enthusiastically and for some time to 
have sustained its enthusiasm. For three years (May, 1862, to April, 1865)—the 
period covered by the first of the two volumes of Transactions published by the 
Society, the meetings were continued with only two breaks, the meetings for July 
and December, 1864, appearing to have lapsed. From May, 1865, to the end of 
1866 there is no record of any meetings ; four meetings appear to have been held in 
1867, two in 1868, two in 1869, none in 1870, four in 1871, none in 1872, and one—- 
the last—in July, 1873; the papers read at these meetings were issued in five Parts 
comprising Vol. II. of the Transactions, but, unlike Vol. I., it contains only papers, 
without any notice of the proceedings of the Society. And as the Society’s minute- 
book was destroyed in the Garden Palace fire, no further details are now obtainable 


from official sources. 


The number of members was not and was never expected to be large, the original 
members numbering twenty-eight, and those subsequently elected about twenty-five. 
From first to last the number of working members who contributed papers amounted 
to six—Messrs. H. L. Schrader, William Macleay, R. L. King, A. W. Scott, 
G. Krefft, and H. H. Burton Bradley ; and their efforts were eventually hampered 
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by pressure of other duties and their ranks depleted by removals from Sydney to such 
an extent that a steady supply of papers could not be kept up; for they were all 
busy public or professional men who in such leisure moments as they could command 
devoted themselves to the study of natural history out of love for it, and with the 
desire to promote the welfare of their favourite branch. 


Though all the aspirations of its founders were not fulfilled during its eleven 
years’ existence, somewhat fitful towards the last, nevertheless the Entomological 
Society of New South Wales rendered real and important service to the cause of 
biology in Australia. By bringing together a number of gentlemen for the most part 
previously strangers to each other, and by arousing their interest it gave an impetus 
to collecting, to observation, and to the study of entomology generally not only 
within the colony of New South Wales but elsewhere, so that at the present time 
the votaries of entomology are to be found in every colony and outnumber those of 
any other branch. 


Nor is there wanting a permanent and useful record of the Society’s labours, to 
be found in the shape of two volumes of Transactions still indispensable to working 
naturalists in certain groups, and happily not yet “out of print” and therefore more 
or less inaccessible to those who most need to consult them, as is so often and so 
provokingly the case with some of the earlier Australian scientific productions. And 
on several grounds these volumes are worthy of notice. They—or at least the first of 
them which was published in five parts issued as follows: Part i. in 1863, Part ii. in 
1864, Parts ili.-iv. in 1864, and Part v. in 1866—were the first scientific publications 
issued by a Scientific Society in New South Wales; they represent the first important 
contributions from local workers to a knowledge of Australian Entomology in which 
attempts were made to deal with large groups, or to work up exhaustively large 
collections from particular localities. In this way there received attention the 
Pselaphide, the Scaritide, the Glaphyride, the Scydmenides, the Amycteride, the 
Anthicide, andthe Byrrhide; while important additions were made to the Crcindelide, 
the Buprestidae, and the Cetontade, and by Mr. Scott to the Lepidoptera. For the 
first time, too, there were brought into notice such interesting novelties as the 
remarkable gall-making Coccids of the subfamily Brachysceline, a group which from 
the symmetry, extraordinary shape constant for each species, and in some cases large 
size of the galls resulting from their operations upon the Eucalypts more particularly, 
would attract notice among gall-makers of any group; the fly Batrachomyia which 
oviposits upon frogs beneath whose integument the larve partially complete their 
metamorphosis, and which when about to oviposit must take some considerable pains 
to find a suitable host as all the frogs known to serve as such are nocturnal in their 
habits; of the curious blind beetle, /aphanus, Macleay, found under stones near 
Wollongong, and as yet not met with elsewhere; and of various species of Coleoptera 
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inhabiting ants’ nests. And lastly mention must be made of Rev. R. L. King’s 
papers on Entomostraca, of Mr. Krefft’s on Australian Entozoa, and of Mr. Bradley’s 
on spiders, the commencement of a short series on this group afterwards continued 
for a time in the Proceedings of the Linnean Society of New South Wales; these 
though not entomological have at least the sanction of usage in finding a place in the 
journal of a Society nominally devoted to entomological studies. 


Further, the work of the little Society seems to have stimulated not only workers 
in other colonies, but workers in other departments of zoology, and in New South 
Wales publication. In 1867 the late Count Castelnau, then resident in Melbourne, 
communicated two lengthy and important papers entitled “Notes on Australian 
Coleoptera” to the Royal Society of Victoria. From 1862 and onwards date the first 
contributions to the Annals and Magazine of Natural History, to the Proceedings of 
the Zoological Society of London, or to the Ibis, of the late Gerard Krefft on Reptilia 
and Mammalia (1862), of E. P. Ramsay on Ornithology (1863), and of Dr. J. C. Cox 
on Conchology (1864); all of them, including Count Castelnau, members of the 
Entomological Society of New South Wales. In 1866 the Philosophical Society of 
New South Wales published the first and only volume of its Transactions, containing 
the papers, or a selection from them, read before the Society during the years 1862-65, 
among them being several biological papers by Messrs. Krefft and Ramsay. 


And as on the one hand by unavoidable circumstances the entomologists were 
reduced in numbers, and as on the other hand among the ordinary members of the 
Society there were several naturalists, not however entomologists, who, though for a 
time they collected and exhibited their specimens at the Meetings, were becoming 
actively interested in groups outside the scope of the Society’s operations, it 
became evident in course of time that for the zoological talent available in the 
colony a Society on a more comprehensive basis than a purely Entomological 
Society was what was wanted. The Entomological Society of New South Wales 
was therefore given up. And there has never been any reason to regret this course 
since the way was thereby opened for a successor less restricted in its aims and of a 
more enduring character. 


In connection with the Entomological Society of New South Wales, it only 
remains to be said that Sir William Macleay, ably seconded by the Rev. R. L. King, 
B.A., was the largest contributor of papers, that for some considerable time the 
meetings were held at his residence, that he gave important support, financial and 
otherwise, to an extent which cannot now be ascertained, and that his influence and 
efforts were mainly instrumental in enabling the Society to attain as much success as 


it did. 
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On the extinction of the Entomological Society of New South Wales, though 
Sir William laid aside descriptive work for a time, he still carried on his collecting 
operations more enthusiastically than ever, the best possible evidence that the spirit 
in which that Society had been originated and carried on remained undaunted. 
Indeed, it was at this time, and about a year before the inauguration of the Linnean 
Society of New South Wales, that he determined, and began to carry out his 
determination, of extending the Macleay Entomological Collection into a general 
zoological collection—the beginning of the present Macleay Museum. It is possible 
that for some time he may have had such an idea in his mind, but the circumstance, 
trivial in itself, which settled this determination was apparently a very simple one. 


In January, 1874, Mr. Masters, afterwards and still Curator of the Macleay 
Museum, accompanied Sir William on a collecting visit in search of insects to the 
neighbourhood of Wagga, and on arrival he called on a local collector with whom 
he was in treaty for the purchase of some skins of birds frequenting the district, 
and took delivery of the same. The skins were in first rate condition, and when Sir 
William saw them he was much taken with them, and while the inspection was 
proceeding he said that he thought it would be a good thing to commence a general 
collection, and he offered to take the bird skins off Mr. Masters’ hands. The result 
was that he became the possessor of them, and he made them the first addition to 
the entomological specimens to the acquisition of which he had previously exclusively 
confined his attention. 


The correctness of this information, supplied by Mr. Masters in reply to an 
inquiry on the part of the writer of this article as to whether he could remember 
any circumstances which led to Sir William’s extension of the entomological 
collection into a general collection, was amply corroborated by subsequent reference 
to a note-book of Sir William’s in which during the years 1874-76 he kept a 
detailed account of the additions to his collections both by purchase and donation, 
and of the collections sent to his scientific correspondents in other countries, for it 
was then found that under the head of “ Macleay Museum” the first entry was : 
“A, Bird skins purchased at Wagga on 8th January, 1874,” with a list of the 
twenty-nine species represented. Succeeding this one, records of other purchases, 
at first chiefly of birds, follow rapidly. In the same book also were found two letters, 
unaddressed and undated, relating to the purchase of specimens on a large scale, from 
internal evidence evidently copies of the originals sent to European dealers, in one of 
which he says, “I have hitherto confined my attention entirely to the Articulata, but 
it is now my intention to make my collection as perfect as possible in all branches of 
the Animal Kingdom. It is therefore very likely that I may become a very large 
purchaser from you.” 
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Shortly afterwards a special visit was made to Sir William’s station for the 
purpose of general collecting and with good results. In the meantime the services 
of Mr. J. Brazier, the well-known conchologist, were enlisted in the good cause, and 
in a small vessel (the Peaken) chartered by Sir William he superintended dredging 
operations at various localities on the coast, which resulted in a substantial com- 
mencement with the Mollusca and other marine forms; while Sir William and Mr. 
Masters dredged and collected extensively Port Jackson forms. Mr. Spalding, too, 
about this time, went on a year’s collecting expedition at Sir William’s instigation to 
the Endeavour River and Cleveland Bay, and some of the acquisitions obtained by 
him were dealt with in some of the earliest papers contributed by various writers to 
the Linnean Society of New South Wales, which was founded shortly afterwards. 


The earliest record of this Society is a notice of a preliminary meeting of 
gentlemen interested in natural science held in the board room of the Public Library, 
Sydney, on October 29th, 1874, to be found in the Sydney newspapers of October 
30th. At this meeting it was resolved to form a Society under the name and title 
of the Linnean Society of New South Wales, whose object should be the cultivation 
of natural history in all its branches ; the amount of the annual subscription and the 
number of office-bearers and Council were decided upon; it was also agreed that 
William Macleay, Esq., Sir William MacArthur, Captain Stackhouse, R.N., and H. 
H. Burton Bradley, Esq., should be invited to accept the offices of President, Vice- 
President, Hon. Secretary, and Hon. Treasurer respectively. A committee consisting 
of the President elect, W. J. Stephens, Esq., and Dr. Alleyne, was appointed to 
draft rules, to make inquiries respecting a suitable room for the Society’s use, 
to draw up and issue circulars giving full information as to the nature and aims of 
the Society, and inviting the co-operation of all interested in the study of natural 
history. On November 4th the adjourned meeting, called by advertisement in the 
daily papers, took place, when the proposed rules were read and adopted. Still later 
(on January 13th, 1875), a meeting for the election of the office-bearers and Council 
was held ; and on January 25th the first formal meeting for the reading of papers 
and other scientific business took place in a room which was rented for the Society's 
use in Lloyd’s Chambers, 362 George Street, where the meetings continued to be 
held for some months. 


In the meantime Sir William Macleay had decided on an important step, namely, 
a personally superintended collecting expedition, fitted out at his own expense, to the 
N.E. coast of Australia, Torres Straits and New Guinea. <A period even so short 
as eighteen years has made a very material difference in the character of the shipping 
frequenting Port Jackson. A. handy little steamer, eminently fitted for such a trip, 
could nowadays be obtained without much difficulty ; in 1875 such a craft was not 
so easily to be found just when wanted. On February 27th, 1875, Sir William 
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therefore completed the arrangements for the purchase of the barque Chevert, of 313 
tons register ; he had the vessel fitted up in a suitable manner, and by May 18th 
following, a steam launch and the necessary stores having been shipped, the vessel 
was ready for sea, and sailed the same day for Somerset, Cape York. 


The following outline of the voyage (treated as if it were a continuous narrative) 
is extracted from a lengthy account, founded upon the records of his private journal, 
contributed by Sir William to the Sydxey Morning Herald of October 11th, 1875* :— 


The barque Chevert sailed from Port Jackson on Tuesday, 18th May [1875], with a crew of twenty 
men, which, with the doctor, four zoological and two botanical (afterwards increased to three) collectors, 
Captain Onslow and myself, made up a total of thirty souls. The ship was fitted up chiefly with the 
object of making collections in all branches of Natural History in the islands of Torres Straits and in New 
Guinea. At the same time I was quite prepared, if opportunity offered, to have given up a considerable 
portion of my time to the geographical investigation of the as yet terra incognita New Guinea. 


Our first stopping place after leaving Sydney was Percy Island. There we anchored for a night 
{May 29th]. The island is rough and barren, and I should say very rarely visited by natives, but the 
shores teem with fish. We caught with the seine, on as mall sandy beach on the north-west side of No. 2 
island, garfish, pike, whiting, &c., of a size which would be looked upon as wonderful in Sydney, while, 
with hook and line, from the ship at night, a number of different species of large Sparide were captured. 


The Palm Islands, our next stopping place [June 1st-4th], are lofty and precipitous. They seem to be 
entirely of granite formation, yet the soil is good, and the vegetation of the richest tropical luxuriance. 
We found the roughness of the ground and the density of the vegetation great bars to our rambling, but, 
notwithstanding, during our stay here we added very considerably to our collections. Here we saw a few 
aborigines, all men ; they had probably come over from Cleveland Bay, and were the very worst specimens 
of the Australian race I have seen—short, thin and dirty, without a rag of clothing of any kind. Their 
canoes were small hollowed-out logs, with an outrigger. 


On the 4th June we left the Palm Islands, and anchored off Brooke Island, and on the following day 
we found a very snug anchorage on the north-west side of the North Barnard Isles. Our object in calling 
here was to get a species of Péiloris peculiar to the island, and Mr. Masters was so fortunate as to procure 
a fine male and two females in the course of the afternoon. Our next stage was Fitzroy Island [June 6th]. 
Here we got a few birds, but, as at Palm Island, it was most difficult to penetrate the dense brush with 
which it is clothed. 


On the next day we anchored early off a low wooded sandbank, marked on the chart as Low Wooded 
Isle. It is surrounded by an extensive coral reef—the first coral reef seen by most of us—and, as may 
be supposed, almost every one left the ship that afternoon for a run on the reef. I was myself rather 
disappointed in my first impression. I failed to see the great beauty and variety of colouring which is said 
to be the characteristic of coral reefs, and is, I have no doubt, of the outer Barrier Reef ; but I was very 
deeply impressed with the wonderful variety of life with which it abounded. The whole reef was literally 
teeming with life—fish in great variety, crustaceans, echinoderms, including several species of béche-de-mer, 
corals and annelids. 


Our next anchorage was off Turtle Reef, opposite the Endeavour River [June 8th]. We passed this 
day, though at some distance, a belt of country on the mainland, which looks very promising. 


* The remaining portion of the article has been omitted to save space, more particularly as it has reference to places 
and matters which, though interesting enough at the time, have since then been fully dealt with by more recent writers. 
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On June 9th we anchored at No. 4 Howick Group. 


Our next stage was Flinders’ Island. The land along which we passed was very rough and rocky ; 
indeed, Cape Melville is the most wonderful conglomeration of rocks I ever saw. 


Two days more took us to Cape Grenville [June 12th]. On the first of these we anchored off Cape 
Sidmouth, on the next near the Piper Islands. Our stay at Cape Grenville of five days was occupied on 
the part of the crew in refilling our empty water tanks, and on that of the collectors by doing what they 
could in their respective lines. Our success, however, was not very great. The weather was stormy and 


wet, and the country was the most arid and barren that can well be imagined. 


On June 18th, the morning after we left Cape Grenville, we sailed through the Albany Passage, past 
the settlement of Somerset, and cast anchor about a mile and a-half beyond it in Mud Bay. 


The Chevert was detained here until the 26th June, awaiting the arrival of the mail from Sydney. 
The time was employed constantly in collecting, but without any very marked success. The country near 
the settlement is densely wooded, but of the poorest possible character. 


Our course after leaving Australia was due north to Warrior Island, a distance of 60 miles ; but, as 
we were late in getting away from our anchorage, we were compelled to drop anchor the first night under 
the lee of Sue Island, one of three low wooded islets lying about five miles apart, known as the “ Three 
Sisters,” the others being named Bet and Poll. The most notable thing about Sue Island was that the 
anchorage ground we were on, about a mile north-west of the island, seemed to be perfectly covered with 
masses of the young pearlshell, and we subsequently found the same to be the case off Bet Island. On the 
following day we anchored off Warrior Island—a mere sandbank of small extent, and without vegetation, 
but the birthplace and home of the strongest, most numerous, and most adventurous of the races inhabiting 


the islands of Torres Straits. 


On Tuesday morning, June 28th, we proceeded on our course to New Guinea, making for the mouth of 
the Katow River. Our direction was nearly due north, the wind was fair though strong, and the great 
Warrior Reef, which stretches almost without a break from Warrior Island to the coast of New Guinea 
near Bristow Island, effectually sheltered us from the heavy sea to which we would otherwise have been 
exposed. We anticipated, therefore, an easy run of a few hours to the Katow, and our pilot, Tongatabu 
Joe, assured us that the way was clear and open. We found ourselves, however, soon after the shore of 
New Guinea had become distinctly visible and while we were still nearly twelve miles from land, involved 
in a mass of reefs in little more than two fathoms of water, and it took five days of unremitting work on 
the part of the captain in sounding and buoying our way, two miles at a time, before we finally dropped 
anchor about one and a-half miles from the mouth of the Katow River and village of Mohatta. 


Next morning [July 3rd] we were visited by two canoes, with about twelve men in each. In one was 
Maino, the head man of the village of Mohatta ; in the other Owta, the head man of a village three miles 
further west, and just visible from the ship. They came on board with the utmost confidence. 


Shortly afterwards we landed, to the number of twenty-two, in the fishing and surf boats, and were 
received at the village by the elder members of the tribe, seated in a circle upon a large piece of 


new matting. 


On our first day ashore we walked for a little distance along the beach, attended by all the youngsters 
of the village, who seemed quite delighted at our visit, and kept supplying us with grasshoppers and every 
living thing they could pick up, with the greatest diligence. 


A few birds were shot, but Mr, Masters found all attempts to penetrate the jungle ineffectual. 
e 
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The following day I determined to attempt the navigation of the river, and accordingly at an early 
hour a party of twenty, including the captain, left the ship in the steam launch and surf boat, and after 
calling at the village and getting Maino and Owta to accompany us, we commenced our first essay to 
penetrate into the interior of the country. The Katow, at its mouth, is about 200 yards wide; it very 
soon, however, narrows to about 60 yards, and it was not more than 30 yards wide at the highest point we 
reached. For the first two miles we passed through a dense forest of mangrove, but beyond that the 
margin of the river was closely lined by a very beautiful palm, which raised its huge frond-like leaves right 
from the surface of the water to a height of nearly 50 feet. Behind these there was the lofty and 
interminable forest, excepting where occasionally a break in the dark mass showed a banana or taro 
plantation. The day was fine, the view on some of the reaches was very lovely, everything—trees, birds, 
&e., were new to us,—we were progressing most favourably, and were in great spirits, when we were 
stopped by a tree of great size, which had fallen or been felled, across the river. We had then ascended 
the river about eight or nine miles, and as we were in a fine stream of fresh water, three fathoms deep, we 
were unwilling to return without an effort to overcome the obstacle. Our tomahawks, however, were quite 
unequal to the task, and we were, after two hours’ delay, compelled to turn back, with the intention of 


making another attempt the following day with suitable axes and cross-cut saws. 


A party was formed the following morning [July 9th], which I was prevented by illness from joining, 
to ascend the river again and remove the obstruction, but despite axes and cross-cut saws, the obstruction 
remained immovable, and the boats were compelled to return. 


Having thus failed in my effort to get inland by means of the river, and any progress by land being 
utterly impossible, I saw that it was of little use remaining longer at Katow. Birds were plentiful, but 
could not be got at. Crocodiles were abundant, but I had got two and wanted no more. Insects were few 
and fish were very scarce indeed. I therefore, on Saturday, July 10th, after about eight days’ stay, gave 
instructions for a move as soon as possible. It was not, however, till the 17th that we again cast anchor off 
Warrior Island. The working the ship out from Katow into clear water was more difficult than the 
approach, in so far that, in addition to the sounding and buoying of every inch of the way, we had on our 
return a south-easterly gale directly against us. Darnley Island, on account of its reputation as a 
convenient watering place, was our next destination, but though the distance was short, the weather was 
so tempestuous, and the wind so unfavourable, that we did not reach it till the afternoon of the 31st. The 
intermediate time was spent at anchor off the islands of Dungeness, Long Island, Bet, Sue, Cocoanut, and 
York Islands, and at some of these we found the Torres Straits pigeon so plentiful that we were enabled to 
shoot enough for food for the whole ship’s company. 


We remained at a very snug anchorage in Treacherous Bay, on the north side of Darnley Island, for a 
fortnight, waiting for letters from Cape York. Our success in dredging was very great, and altogether our 


time was nct misspent. 


On Friday, August 13th, we left Darnley Island for Hall Sound, on the east side of the Gulf of 
Papua, and, as we were informed we would find a very heavy sea crossing the gulf, I was reluctantly 
compelled to leave the steam launch behind in charge of the missionary. 


It had been no part of my intention originally to visit that part of New Guinea, but I found, upon our 
escape from the difficulties of Katow, that the captain was most averse, so long as the strong south-east 
trade wind continued, again to approach such a dangerous coast, and he positively declined to take the ship in 
towards the mouth of the Fly River before the month of October. There was nothing left for me, therefore 
but to try the east side of the gulf. It took us five days to get to Hall Sound, calling on our way at 
Bramble Cay, the breeding place of innumerable boobies, noddies, and terns. 
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We found, as we had been told, a very heavy sea in the gulf, and unfortunately, when we got within 
thirty or forty miles of the coast of New Guinea, the wind went down, but the sea did not, and we were 


tossed and rolled about for two days within sight of our haven, but powerless to reach it. 


Yule Island forms the sea face of the sound, and the opening on the north side between the island and 
the mainland is merely a shallow sandbank. We dropped anchor [August 19th] close to the north-west 
point of the island, opposite Mr. D’Albertis’ residence, which we could see perched on the side of a clear 
hill about 100 feet above the water. 


We remained at our anchorage off Yule Island until Thursday, September 2nd, during all which 
time we were employed collecting. One attempt was made to penetrate inland. We ran up a 
river, named by Captain Moresby the Ethel, for 10 or 12 miles and camped out for a night on its 
banks ; but we were, as at Katow, stopped by timber, and it was very apparent that we could not 
hope to reach the mountains by that channel. We got many handsome and valuable birds during 
our stay here, averaging in number of specimens from twenty to thirty a day, among them some 
fine specimens of Buceros and one of the magnificent crested goura. We saw plenty of the plumes 
of birds of Paradise among the natives, but shot none. Our success in other respects was fair. 
Mr. Brazier secured a goodly lot of land shells; Mr. Spalding got a dozen specimens of the very rare 
Batocera Wallacei, and a snake belonging to the genus Liasis was secured, of the length of 14 feet. I was 
disappointed, however, in not getting specimens of the cassowary and tree kangaroo. On leaving Hall 
Sound it was my intention to visit Redscar Bay, about 24 miles to the east-south-east, as there were still 
three weeks to run of the time which I had fixed upon for my return to Cape York. But on finding the 
wind unfavourable, and that we might be a day or two doing what I hoped to do in three hours, I gave 
instructions for an immediate return to Darnley Island to pick up the steam launch en route to Cape York. 
On Wednesday, the 8th September, the Chevert dropped her anchor in her old anchorage near Somerset, 


and my expedition to New Guinea came to a close. 


Except as regards seeing something of the interior of New Guinea, Sir William 
fairly carried out his intended programme. The following extracts from his speech 
at the banquet tendered to him on the eve of leaving Sydney already referred to, 
show in what direction his hopes lay in regard to the matter of New Guinea. 


“T intend,” he said, “‘in the first place to visit the large delta on the western side of the Gulf of 
Papua, which consists either of numerous mouths of one river, or the mouths of numerous rivers, At all 
events, there can be no doubt that the delta is of enormous extent, and is probably formed at the outlet of 
the rivers from the largest and least known part of the island of New Guinea. I hope that by means of a 
steam-launch which I shal! take with me, and which will be so fitted out that it would be utterly impossible 
for the natives to do any injury to those on board, to penetrate some distance, and be enabled to see what 


the interior of New Guinea is made of. 


“Tf T can manage to get up the Fly River, for instance, the attempt to explore which thirty-five years 
ago failed on account of the hostility of the natives, I shall accomplish a great work. I hope to do that, 
for I believe a great change has come over the natives, who, within the last few years, have had frequent 
intercourse with pearl traders, and in whose territory missionary settlements have been formed. 
Missionaries were received in the most kindly way ; and, as far as I can learn, hostility by the natives 


has in a great measure ceased,” 


These hopes, as we have seen, were frustrated by untoward circumstances. The 
subsequent experiences of the Rev. S. Macfarlane and Signor D’Albertis in the 
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Ellangowan in November-December, 1875, and of D’Albertis in 1875-77 in the 
Neva, the steam launch placed at his disposal by the New South Wales Govern- 
ment, demonstrated the importance of the Fly River as a route to the interior, and 
showed that hostility on the part of the natives was a less serious obstacle than at 
the time of Captain Stokes’ visit. No doubt Sir William was disappomted in the 
non-realisation of his hopes ; but the primary object of his cruise was not geographical 
exploration, and it is unfair to judge of results from that standpoint alone, more 
especially since any geographical results which, under more favourable circumstances 
and with a longer time at disposal, might have been obtained were only postponed 
for a short time, for Signor D’Albertis had been resident on Yule Island nearly six 
months when the Chevert arrived there, and the Revs. S. Mactarlane and W. G. 
Lawes had already commenced active operations in connection with the London 
Missionary Society. 


In other respects certainly Sir William Macleay was not disappointed with the 
results of his cruise, nor did he ever begrudge the money he spent in connection with 
it. Of the zoological acquisitions, which it was his chief object to obtain, he says :— 

*« Altogether I have succeeded in getting together a vast and valuable collection—a collection which, 
considering the short time at my disposal, seems wonderful, and which affords undoubted proof of the 
industry and zeal of my staff of collectors. For, it must be remembered that, though the full time of my 
intended absence from Sydney has expired, the actual time available for the purposes of the voyage was 
much less than I calculated on. The Chevert, though a good, dry, and comfortable ship, was unable to 
sail against the wind, and it was so constantly against us during a great part of the expedition, that I do 
not think we had more than sixty days for collecting during the five months’ cruise.” 


Nor is the gain resulting from the voyage of the Chevert to be measured simply 
by the extensive collections obtained. In one of his Presidential Addresses, the late 
Professor Stephens, referring to this subject, gives it as his opinion that “it was 
unquestionably to that expedition and its results that the Linnean Society of New 
South Wales owes its early and vigorous growth.” This, however, was not all. 
The voyage of the Chevert, besides adding to his knowledge of Australia, brought 
under Sir William Macleay’s notice the exuberant animal life of the tropics, thereby 
stimulating anew his interest in general zoology ; and this, together with his desire 
to see his collections worked up, not only confirmed and strengthened his wish to 
promote the welfare of biology, but helped to lead up to a further unfolding of plans 
to that end. 


There are several events in the history of the Linnean Society of New South 
Wales to which further reference must be made because they brought out in a 
characteristic manner the quiet and undemonstrative but effective way in which Sir 
William set about his work, and the unostentatious liberality of his dealings with the 
Society, and this in the face of difficulties and complications which quite unexpectedly 
arose. 
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For several years after its successful inauguration the Society had no settled 
home sufficiently commodious to allow of the expansion of the library, or of the 
holding of meetings. In 1881, after the large Exhibition building known as the 
Garden Palace erected in the Botanical Gardens had served the purpose for which it 
was primarily intended, and its retention had been decided upon, the Society, in 
common with the Technological Museum, and certain Government Departments, was, 
by permission of the Government allowed to take up its quarters in the vacant 
building, and two commodious rooms were placed at its disposal. The publications 
which the Society had received from Corresponding Societies, or as donations from 
private individuals, previously inaccessible for want of room, were thereupon made 
available to members. Sir William very soon largely added to the books acquired 
in this way, partly by two valuable gifts, one of 600 volumes, and partly by denuding 
the shelves of his own library and depositing on loan books to the value of £950; 
several microscopes, in addition to a valuable instrument by Ross which he had 
already presented to the Society, and cabinets of slides were likewise placed at the 
disposal of members ; and an extensive herbarium of Australian plants collected and 
lent by the late Rev. J. EK. Tenison-Woods added an additional attraction to those 
interested in botanical studies. Further in the months of October-December, 1881, 
under the auspices of the Society, and by arrangement with Sir William Macleay, a 
course of twenty lectures on Zoology was delivered by Mr. W. A. Haswell, M.A., 
B.Se., without fee or charge open to all desirous of attending—the first time such a 
comprehensive and instructive course had been brought within reach of Sydney 
students or of the public. 


This chapter of the Society’s history, just when everything seemed to be 
promising so well, was abruptly closed in a most unexpected manner by a disastrous 
conflagration early on the morning of September 22nd, 1882, which in a very short 
time reduced the Garden Palace and its contents to a heap of ashes. 


The Linnean Society of New South Wales lost not only everything which Sir 
William’s generosity had provided, but it suffered the irreparable loss of its official 
records, and the reserve stock of the first six volumes of the Proceedings, numbering 
more than 1000 copies in the aggregate, together with about 700 copies of Parts i. 
and u. of Vol. VII. which had recently been delivered by the printer ; the total loss 
being estimated at £3000. 


This unexpected and disastrous blow might well have crushed the hopes and 
damped the ardour of Sir William and those associated with him in the management of 
the Society’s affairs ; it might even have been accepted as an omen that its resuscita- 
tion had better not be attempted, or at least were more wisely postponed. Special 
meetings of the Council of the Society were, however, at once called, and temporary 
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arrangements were made for carrying on affairs; and encouraged by the sympathy 
which the disastrous event evoked on all sides, and by the measure of success so far 
attained by the Society, of which the six complete volumes of Proceedings already 
issued were tangible proof, Sir William and his colleagues set courageously to work 
at what might be called his third attempt to set an Australian Biological Society 
permanently on its feet. 


For some time the homeless Society was allowed by the courtesy of the Trustees 
to hold its scientific meetings in the Board Room of the Public Library, a room in a 
house in Hunter Street serving as an office ; but a few months later Sir William in 
his private capacity rented a centrally situated and commodious house in Phillip 
Street, which he fitted up, and which thereupon without any formal announcement 
or ceremony the Society proceeded to occupy, and continued to do so with great 
comfort for a period of more than two years. In the meantime Sir William in an 
equally unostentatious manner had taken in hand the matter of replacing the library, 
and by his supplementing the effort which the Society itself made in this direction by 
the initiation of a special fund, the new library soon began to assume something like 
the proportions of that which had been destroyed. 


Meanwhile the question of a permanent home for the Society had been mooted 
and discussed, and Sir William offered that if a city site could be secured he himself 
would bear the cost of the erection of a suitable building. Several sites were 
inspected, but the current rates of purchase demanded for centrally situated land 
were so enormously high, the sum of £5000 being asked for the small available area 
that appeared most suitable, that it at once became evident that without becoming 
hopelessly involved in debt the Society—which never at any time in its history has 
had a membership of two hundred effective members, and a Society which has little 
in the way of inducements to offer to any but those possessed with an active interest 
in, or a taste for, natural history, or with a desire to help in fostering any intellectual 
pursuit, not it must be confessed a very large proportion of a young community— 
could not but come to the conclusion that its resources were unequal to the strain of 
the contemplated purchase. Sir William thereupon came to the rescue with an offer 
of both land and house at Elizabeth Bay ; an offer which the Council could not but 
gratefully accept. arly in 1885 under Sir William’s directions the project was put 
in hand, and in October of that year the building was completed. The land, which 
with the building were subsequently conveyed to the Society by deed of gift, has a 
frontage of 179 feet to Ithaca Road, formerly Bay Street, by a depth of 120 feet 
fronting Billyard Avenue : it is but a few yards from the water’s edge of Elizabeth 
Bay, and in fact on the north side the boundary would almost coincide with the old 
high-water mark before the erection of the present sea-wall and the resumption of a 
small intervening area. It is part of the fine old garden to the attractions of which 
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both Mr. A. Macleay and Mr. W. 8S. Macleay in turn took so much delight in adding ; 
after the death of the latter it was partially subdivided to meet the increasing demand 
of room for the expansion of a rapidly growing city and suburbs. 


The building, known as the Linnean Hall, erected by Sir William, is a substan- 
tially built commodious brick building of unpretentious appearance, 80 by 40 feet ; 
the rooms, lofty and well ventilated, comprise an office, storeroom, a meeting room 
and library, 40 by 40 feet, the ceiling and roof supported by six columns with 
enriched capitals, ample provision being made for bookshelves ; and a laboratory, 40 
by 20 feet, in which students desirous of carrying on investigations with the brary 
at hand or in proximity to the sea, can by arrangement be provided with work tables. 


On October 31st, 1885, the members of the Society were entertained by Sir 
William at luncheon in the new Hall, whereupon, after briefly sketching the circum- 
stances which had led up to the event of the day, without, however, any allusion to 
his own share in the expenditure of time, energy, or money in carrying out the past 
work of the Society, he in a few simple words dedicated the building to the service 
for which it was intended. As this was the only occasion on which Sir William ever 
publicly alluded to any of his benefactions to the Society we may give his own 
words :— 


‘The occasion which has brought us together will justify, I think, a few remarks from me on the past 
and present of this Society, and its prospects of future usefulness. The past may be briefly dealt with. 
The Society was first formed chiefly through the exertions of Captain Stackhouse, R.N., about the 
beginning of the year 1875, so that it has now been ten years in existence. . . . But during all this 
period in which we have been, it may be said, building up the scientific reputation of the Society, we have 
been labouring under serious difficulties of several kinds, but none so great as the want of suflicient space 
to meet our requirements. For the first year or so of the Society’s existence it occupied an upstairs room 
in Hunter Street, extremely inconvenient and difficult of access. It then, for about three years, held its 
meetings in a room in the Public Library, by the permission of the trustees of that institution. The next 
move was to very excellent and commodious apartments in the Garden Palace, which the Government of 
the day had most liberally placed at our disposal. Up till then we had had no room for books or anything 
else, and the scientific publications sent to us from foreign Societies were packed away in cases, and were 
literally inaccessible. But when we found ourselves in possession of the ample space allotted to us in the 
Garden Palace, we were at once enabled to enter upon the course of usefulness which was the original 
intention of the founders of the Society ; and we had collected a large and valuable library of works on 
scientific subjects and had completed the first series of lectures on natural history, open to the public, when 
the destruction by fire of the entire building rendered us once more homeless and destitute. . . . For 
some months after the fire we were again accommodated at the Public Library, and then for a few months 
we occupied a small room in Hunter Street, but in both these places the space at our disposal was so 
limited that we were precluded from making any attempt to again get together a collection of books. 
Subsequently we obtained possession of a convenient and central house in Phillip Street, in which the noise 
of the tram-cars was our only serious disadvantage, and since then, that is to say, during the last two years, 
we have, though not overburdened with space, been enabled to invite contributions to the library, and the 
result, I am glad to inform you, is that we have now a large and excellent reference library, comprising 
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over 5000 publications on scientific subjects. The necessity, however, for more room, and I may add less 
noise, has induced me to build the edifice we are now assembled in, which I beg to present, such as it is, to 
the Society for the period of 89 years, the unexpired term of my original lease of the ground for 99 years. 


« And now, having got to this point in our history, when I hope that all difficulties have terminated, 
and we may look forward to a prosperous future, it would be well to review the objects with which the 
Society was founded. Our rules state that the Society is ‘for the promotion of the study of natural history 
in all its branches.’ Few people, I suspect, are aware of the wide significance of that sentence.” 


Tn connection with the Linnean Society of New South Wales it is only necessary 
to mention further the gift by Sir William during his lifetime of the sum of £14,000 
by way of endowment, supplemented by a bequest of £6000 towards the same object. 
Virtually, however, the actual endowment dates more or less from the commencement 
of the Society, for though Sir William kept the principal in his own hands, yet his 
liberality found an outlet each year for more or less of the annual interest on the 
amount named. And in addressing the host on the festive occasion referred to above, 
Professor Stephens neither overstated Sir William’s liberality to the Society nor 
failed to express the sentiments of the members of the Society, and especially of 
those who had been officially associated with Sir William Macleay in the conduct of 
the Society’s affairs, when he said :— 


“In the brief history of the operations of the Linnean Society of New South Wales, which you have 
just laid before its members, and your notice of the inconveniences and even disaster under which its work 
has been hitherto maintained, I observe a serious omission of important facts. It is quite true that the 
Society was in the first instance confined to a very indifferent lodging, that our affairs were improved by 
the permission of the trustees of the Free Public Library to occupy for the purposes of our meetings a room 
in that establishment, and that our possession of excellent quarters in the Garden Palace was only 
terminated in a fatal conflagration. You have forgotten, however, to state that since that misfortune you 
have lodged the Society at your own expense, providing for its use in the first place an office in Hunter 
Street ; and, secondly, a commodious house in Phillip Street, in which we have been for two years 
exceedingly comfortable, and which you cease to place at our disposal only because you have now 
completed the building of this spacious and admirably planned Palace of Science which you have this day 
presented to us. You have also neglected to inform us of the fact that you have yourself supplied the 
salaries of the paid officers of the Society. That you have defrayed by far the greater portion of the cost 
of the Society’s publications, and that you have purchased and presented to the Society two inestimable 
collections of scientific books and records, one unhappily doomed to perish in flame, the other, I trust, 
likely to remain safely and conveniently arranged in this house for the continual use and advantage of the 
Society. One further benefit you have conferred upon all members, present and future, and I may add, 
upon the whole of Australia, in the incorporation of the Society by Act of Parliament. It is to you that 
the country owes the establishment of a new and permanent institution, founded, not for the sake of any 
pecuniary, social, or political advantage to its members, but for assistance to students in their labours to 
promote knowledge, for the progress of this community, and for the welfare of humanity. 


‘“‘There is a malignant old proverb which advises us not to look a gift horse in the mouth. Your 
horses, however, require no examination. They have been given with a warranty, a warranty absolute and 
perfect, which we all recognise with a kind of wonder, in the far-reaching and thorough-going character of 
your munificence. No higher guarantee for the soundness of your gift horses could be offered, and your 
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own delicacy and reticence prevent us from knowing, except on our own conjecture and estimate, how 
astonishing and prodigious your liberality has been. I purposely omit on this occasion any particular 
reference to the similar services which you have rendered to other institutions, and hasten, as President of 
the Linnean Society of New South Wales, to offer you a faint and inadequate expression of the feelings 
which animate our whole body. ‘The Society entertains an ardent gratitude towards you—a gratitude 
which is not dulled, as gratitude may sometimes be dulled, by any affectation of beneficence, or any haughty 
or inconsiderate phrase or touch of manner in your acts of donation, but is, on the contrary, ever quickened 
by the freedom from vulgar ostentation and by the generous simplicity which specially characterise your 
behaviour towards the Society. You will, I hope—or rather, I am confident—accept these few words as 
an honest attempt to give some expression, however imperfect, to the sentiment dominant in every heart in 
this gathering of your friends and guests. In their name I thank you for your services as an active partner 
in their labours, as a wise legislator and officer in the management of their affairs, and a benefactor whose 
munificence would have made us feel a heavy burden of obligation, had it been attended with scantier 
courtesy, or with less emphatic kindness.” 


And just as during his lifetime he was a sagacious guardian of the Society’s 
welfare, never tendering his all important aid in such a way as to make others think 
that they had nothing to do but stand by and admire his liberality, his policy, on the 
contrary, being rather to offer supplementary help in the most unostentatious manner 
possible only after he had waited to see what the enterprise and resources of the 
members at large were capable of accomplishing, so in his latest benefactions Sir 
William Macleay’s intentions are evident enough. While on the one hand he wished 
to see the Society saved from the pinch of poverty which in the absence of any 
source of endowment is so calculated to sap the energy and hamper the usefulness of 
a Scientific Society, especially in a young country, or from being largely dependent for 
its usefulness on State patronage, so often apt to be paralysing in its tendency, he 
would not, even if it had been in his power, have endowed the Society with great 
wealth, recognising the stimulating necessity for individual effort, resulting in united 
effort, which alone would enable the Society both to maintain and promote its use- 
fulness, and in the efficacy of which he was so strong a believer. 


We may now revert for a moment to Sir William Macleay in the capacity of 
working naturalist to point out that the work begun so enthusiastically in 1862 was 
with few breaks steadily kept up until 1889, when failing health began to interrupt, 
and finally peremptorily put a stop to it. His work was necessarily of a pioneering 
and systematic character ; yet he was by no means a mere systematist whose sole 
idea was the multiplication of species, and nothing more. On the contrary, he clearly 
recognised the advantage accruing to a zoologist from residence in the country ; he 
was bent on overcoming, or at least mitigating, the almost prohibitive disabilities in 
respect of want of literature and of reference collections under which Australian 
workers in his day laboured, and to some extent still labour ; and he knew, too, that 
the systematist must precede the morphologist. The keynote to his work he himself 
gives in his first Presidential Address to the Linnean Society of New South Wales 
in 1876, when he says :— 


XLII. 


“ My position as President of this Society gives me no right to thrust my advice upon you, but I am 
desirous of giving assistance, in so far as my judgment approves, in contributing to the usefulness of the 
Society, and I claim to know to some extent how that can be best accomplished. J am convinced that we 
cannot do better in the present state of natural history in Australia than confine our attention to observing, 
cataloguing, and describing. . . . The reason why I recommend descriptive catalogues is because they 
are not only what are most required (our knowledge of the Australian Fauna [as a whole] being still very 
limited), but because any generalisation of, or deductions from, what we do know cannot be of much value 
with our present imperfect knowledge. . . . There is no better exercise for the student than the 
describing of new species, and there is certainly no better way of making himself useful to the workers in 
other spheres of natural history who have not the same opportunities of observation and comparison.” 


In this spirit his attention at first, as we have seen, was given wholly to 
entomology. The acquisitions in the department of general entomology obtained 
during the voyage of the Chevert, though numerous and a most valuable addition to 
the Macleay Collection, did not imclude many representatives of the groups of 
Coleoptera in which he was particularly interested, for he says—‘“ the Coleoptera 
were upon the whole rare and difficult to get, though we managed to scrape together 
several thousand specimens,” referable chiefly to the Longicorniza and Curculionide. 


The collection of lower vertebrates, especially of fishes, was, however, important. 
Of the fishes particularly he says that the collection was ‘‘of a most varied and 
interesting character, exceeding in point of numbers the collections made in those 
seas on any previous occasion,” over one thousand specimens having been preserved. 
The desire to see his collections systematically worked up, and the wider interest in 
general zoology arising out of the experiences of the previous year (1874), decided 
Sir William, in the absence of any resident naturalist interested in these groups, to 
undertake the task himself, in the case of the fishes with the collaboration of the late 
Dr. H. G. Alleyne, of which the Teleostean forms were dealt with in two papers in 
Vol. I. of the Proceedings of the Linnean Society. 


On the appointment of an ichthyologist in 1884 to the scientific staff of the 
Australian Museum, Sir William almost relinquished the study of vertebrates, and 
again devoted himself chiefly to entomology for the rest of his working days. In 
the meantime the interest aroused especially by the study of the Chevert material 
had led him subsequently to acquire and deal with important collections of fishes and 
snakes from various parts of Australia, and of fishes from the Solomon Islands and 
New Guinea ; and in 1880 to commence a “ Descriptive Catalogue of the Fishes of 
Australia,”* founded upon Dr. Giinther’s well-known British Museum Catalogue, 
which, from its comprehensive nature and the increased knowledge which its very 
publication had been largely instrumental in bringing about, had rendered possible 
the compilation of a work less bulky and costly, and more suited to the present day 


* Proceedings of the Linnean Society of New South Wales. Vols. V., VI., and with a Supplement in Vol. IX. 
These papers were in 1884 re-issued as a separate publication. 
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requirements of local workers. In this connection also must be mentioned the 
enthusiastic efforts of the late Count Castelnau, the first resident naturalist to 
undertake systematic work on Australian fishes, and who in Melbourne—where 
he died in February, 1880—published his “Contribution to the Ichthyology of 
Australia,” in nine Parts,* and supplemented these a little later, during a two years’ 
residence in Sydney, by five additional papers, including an important “ Essay on 
the Ichthyology of Port Jackson,” published in Sydney.t+ 


Steady progress in the advancement of knowledge of the two groups Lepidoptera 
and Coleoptera being ensured by the active interest in them evinced by naturalists in 
the different colonies, Sir William Macleay became seized with strong desire to see 
some of the other groups which had hitherto not received attention taken in hand in 
a similar manner by local workers, especially the Diptera, at which he at one time 
had serious thoughts of making a commencement, and indeed he made some progress 
with an introductory essay, as appears from an unpublished MS., entitled “ The 
Australian Diptera,” in which he says :— 

“Tt is not without reluctance that I undertake the task which I now impose upon myself, of making 
a descriptive catalogue of the Dipterous insects of Australia. Age, with its accompanying infirmities, is 
the reverse of a qualification for a work which necessitates a great deal of detailed examination of very 
minute animals. But I feel that, for some time at least, the work will not be done at all unless done by 


me; there is no one here at present at all likely to attempt it, and an application which I lately made for 
an entomologist [7.¢., a dipterologist| from England failed of success. 


‘T have selected the Diptera in the first instance because I think them the most interesting and instruc- 
tive. Notwithstanding their insignificant size, there are no insects man suffers so much from in his person 
and property; a knowledge of them, therefore, becomes a matter of importance even from a utilitarian point 
of view, while to the true student of nature who seeks after knowledge for knowledge’ sake, apart from all 
considerations of mere gain, these marvellous little animals offer an inexhaustible field for original research 
of surpassing interest.” 


Ata later date he himself made special provision for the elucidation of Australian 
Diptera by the appointment of a specialist, and he lived to see, with considerable 
satisfaction, some substantial progress made in this direction before matters again 
came to a standstill through his complete prostration by illness and the consequent 
withdrawal of the timely aid which alone made the undertaking possible. 


Nothing, however, more clearly shows that Sir William was no narrow-minded 
specialist interested only in his own particular little group of the Animal Kingdom, his 
breadth of view and large-hearted interest in the welfare of natural science generally, 
and his earnest desire to see biology in all its branches steadily advance, than his 
attitude towards the subject of original research. For a number of years he 


* Proceedings of the Zoological and Acclimatisation Society of Victoria. Vols. I. and II. (1872-73). 
+ Proceedings of the Linnean Society of New South Wales, Vols. II. and II. 


XLIV. 


was possessed with a keen interest in bacteriology, and he regularly and eagerly 
watched the progress in this department of knowledge as chronicled in the European 
and other Journals. In the first of his two Presidential Addresses to the Linnean 
Society of New South Wales, as long ago as January, 1876, as he did again in his 
Inaugural Address at the opening of the Linnean Hall in 1885, he points out that the 
object of the Society, as laid down in its published Rules, was the cultivation and 
study of all branches of natural history, and he emphasises the fact of “what a vast 
field of inquiry and study is included under the term natural history, as understood 
in its true meaning, and as taught by the illustrious man whose name we have adopted 
for this Society.” While in his second Address in January, 1877, he says :— 


“Tt will not, therefore, be supposed that I in any way seek to disparage what has been done if I 
proceed to point out what we may do, or that I think the study of any branch of natural history undesir- 
able, because I may desire the field of enquiry to be widened. And there are a good many subjects to 
which I should like to see more attention paid. It has always seemed to me rather anomalous that a 
Society named after the most illustrious botanist the world has ever produced, should not have apparently 
a single working botanist among its members. I should like also to see more attention paid to the sciences 
of geology and paleontology. 


“ But there are some branches of biological science which have never yet occupied the attention of 
any of our contributors, and which are of more importance to mankind, and of more real interest to the 
man of science, than the study or contemplation of the most gorgeous birds, or the most perfect and 
beautiful flowers. I mean the study of the history, metamorphoses, and conditions of existence of those 
low forms of animal and vegetable life which are really the most formidable enemies of man, both in his 
person and property, and which are, I believe, only formidable because of our ignorance of their history. 


“There is an immense field open here for investigation, and I am most desirous that this very 
important branch of biological science should receive the attention it merits from the members of this 
Society. And I would recommend this line of inquiry more particularly to those members who belong to 
the noble profession of medicine, as by the nature of their education and their opportunities of observation, 
they are of all others the best qualified for such investigations, . . . and surely to the medical man 
the acquirement of a knowledge of the source and cause of disease must be a nobler object of ambition than 
the highest skill in the empirical treatment of symptoms.” 


His hopes of seeing the subjects of botany, geology, and palzeontology occupying 
the attention of the working members of the Society were, and not very long after- 
wards, amply gratified. The subject of bacteriology, however, still found a place in 
his thoughts, and in 1884 took practical shape by his anonymously presenting to the 
Society the sum of £100 to be offered as a prize for an essay “On the Life-history of 
the Bacillus of Typhoid Fever.” This, however, led to no satisfactory result, and 
after being re-offered the following year, also in vain, at his own request the sum 
mentioned was passed to the general revenue of the Society. Still later, by his 
action Dr. Katz, who had recently arrived in the colony, began a series of bacterio- 
logical investigations, the results of which were communicated to the Society, and 
which in 1888 were interrupted by the demand for the services of a bacteriologist in 
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connection with the experiments with the microbes of chicken-cholera authorised by 
the Royal Commission appointed to inquire into schemes for the extermination of 
rabbits in Australia, and afterwards in connection with the bacteriological examination 
of the Melbourne water-supply. 


About this time, feeling that the matter was of more than purely scientific 
importance, he cherished the hope of the permanent appointment of a Government 
bacteriologist ; a hope which found expression in the following characteristic letter 
contributed under the zom de plume of “F.1.S.” to one of the Sydney newspapers :— 


“Tt has long been a matter of surprise to me that a Government which has displayed such a lavish 
liberality in protecting sheep from rabbits, not to mention scab, catarrh, prickly pear, Bathurst burr, and _ 
other ills and misfortunes which sheep are subject to, has never risked a very much smaller expenditure for 
the protection of human life from disease certainly preventable. Typhoid fever has now become a perfect 
scourge throughout Australia ; the numbers of its victims are annually increasing, and they are generally 
the young and the strong ; it is a disease known to be caused by a minute vegetable organism of the genus 
Bacillus ; and it only requires a knowledge of the life-history of the microbe to find means to effectually 
stop the rapid increase of the disease, if not actually prevent it. 


“A few years ago an effort was made by the Linnean Society of New South Wales to stimulate 
investigation in this direction, and for two years successively it offered a prize of £100 for an essay on the 
life-history of the bacillus of typhoid fever, but without result as far as original research was concerned, 
This, I think, was pretty clear evidence that the sum of £100 was insufficient to induce anyone to 
undertake an investigation necessarily involving much time and labour. But surely a Government which 
promises the huge sum of £25,000 for the destruction of rabbits can scarcely hesitate about spending the 
twenty-fifth part of that sum in the more urgent and important matters of checking disease and saving 
human life. 1t is with the intention of calling attention to this subject that I now write to you, and if I 
succeed (with your assistance, I hope) in rousing public interest, and inducing action on the part of the 
Government, I shall feel that humanity will benefit thereby to a greater degree than by the poisoning of a 


million rabbits. 


“T believe that a prize of £1000 for an essay on the bacillus of typhoid fever, extending over three 
years, would be in all probability attended with most useful results; but it is not to be expected that any 
such essay would solve all, or nearly all, of the many doubtful points in the history of this microbe requiring 
solution. I would therefore much prefer to see two experienced and competent bacteriologists employed 
under the orders and control of the Board of Health, for the study of pathogenic organisms generally, at 
the discretion of the Board. It is certain that without assistance from the public funds it will be very 
long before the typhoid bacillus can be properly investigated. Scientific Societies have not the means to 
offer sufficient prizes ; and medical men, who are from their biological education the best qualified people 
for such inquiries, are for the most part dependent on the practice of their profession for a living, and 
certainly cannot afford the time for lengthened investigations without fee or reward.” 


Finally, seeing no prospect of the immediate realisation of these hopes, and 
imbued with a sense of the importance of the subject, he began to entertain the 
project of making some provision for the endowment of Bacteriology out of his 
own means; and so enthusiastic was he about it that for some little time he 
contemplated doing it during his life-time, but subsequently changed his mind and 
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arranged for it in his will, dated in December, 1890, in the form of a bequest of 
the sum of £12,000 to the Senate of the Sydney University ‘“ for the foundation 
of a Chair or Lectureship in Bacteriology,” subject to certain conditions set forth in 
the will and in a memorandum accompanying it. The conditions of acceptance may 
be thus stated: the Senate must accept the legacy for the purpose of providing a 
salary for a Lecturer or Professor in Bacteriology, who shall give both practical and 
theoretical instruction ; the bequest must be used solely for the purpose mentioned, 
and the lecturer shall have no additional duties imposed on him ; the appointment of 
the Lecturer or Professor shall be made by the Senate itself, and not delegated ; and 
it shall be necessary for every student before being admitted to a Science or Medical 
Degree at the University to attend a six months’ course of Bacteriology. The 
testator gives as his reasons for insisting on these conditions his strong conviction of 
the extreme importance of the study of Bacteriology both to the biologist and the 
physician, and his doubt as to the full recognition on the part of scientific men of 
this importance. These conditions are, as the testator mtended they should be, of a 
stringent character ; and because of his expressed uncertainty as to the views of the 
Senate on the subject, he directs his executors, in the event of the acceptance of the 
bequest by the Senate, to procure very distinct pledges from it on all the points 
mentioned ; and if within one month after notification by the executors of the legacy 
the Senate shall not accept the conditions, or in the event of the Senate declining all 
or any of the conditions, he directs that the legacy to the University shall be void ; 
and in that case the executors are empowered to hand over to the Linnean Society of 
New South Wales the aforesaid sum of £12,000 to provide a sufficient salary for the 
appointment of a bacteriologist whose duties it shall be to engage in bacteriological 
research in the Society’s laboratory, and to give instruction to one or two pupils at 
the discretion and under the orders of the Council of the Society. The Senate 
having accepted the bequest on the conditions specified, the sum of £11,400, bemg the 
amount of the bequest after payment of legacy duty, has been paid to the University. 


Of Sir William Macleay’s estimate of the importance of fostering original 
research we may judge both by his encouragement of local workers and by his 
provision for future workers. During his life-time and under his auspices several 
specialists were able to carry on investigations, notably Dr. R. von Lendenfeld, who 
was interested more particularly in Ceelenterates, Dr. O. Katz, bacteriologist, and 
Mr. F. A. Skuse, who made a commencement with a revision of Australian Diptera ; 
these, unless a particular piece of work was undertaken at his suggestion, beyond the 
stipulation that their work should be published in the Society’s Proceedings, were 
left untrammelled in following out their own particular lines in their own way. 


It was not, however, Sir William’s object to attract workers from other fields so 
much as to see a love of natural history spreading among the rising generation in 
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New South Wales, especially when there was brought within reach the possibility of 
obtaining a scientific training according to modern methods without having to go 
abroad for it, by the addition of biology to the curriculum of Sydney University on 
the foundation of the Medical School in 1883. With a view of encouraging such, 
and in recognition of the fact that Australia offers few openings in the way of 
biological appointments and therefore little inducement to biologists unpossessed of 
private means to devote themselves to original work, notwithstanding the amount of 
work to be done and the very great interest attaching to a good deal of it, Sir 
William, after giving a life-interest in his residuary estate to his widow, bequeathed 
out of it upon trust to the Linnean Society of New South Wales the sum of thirty-five 
thousand pounds, to be invested zz perpetwo and the interest thereof applied to the 
foundation of four research fellowships, to be called the Linnsan Macreay FEtiow- 
suips, in the gift of the Council of the Society, and tenable by Bachelors of Science 
of the University of Sydney, the fellowships to be maintained for the following 
purposes and upon the following conditions, as set forth in the testator’s last will. 
The fellowships are intended to encourage and advance research in natural science by 
enabling those who wish to continue their studies at the University or elsewhere after 
having completed the regular curriculum and taken a science degree to do so. Fellows 
must have taken a degree in science at the Sydney University, must reside in New 
South Wales and devote themselves entirely to research work, must be members of 
the Linnean Society of New South Wales and publish the results of their work in 
the Society's Proceedings. The subjects of investigation shall be all branches of 
natural history, biological and geological. The value of each fellowship shall be £400 
per annum ; and the appointment to a fellowship shall be for one year. The appoint- 
ments to fellowships shall be made annually by the Council of the Society ; but the 
testator states particularly that it is his intention and wish that Fellows shall be 
eligible for re-election from year to year so long as the Council is satisfied with the 
quantity and quality of the work done. If at any time fellowships be vacant but 
eligible candidates do not present themselves, then it shall not be necessary for the 


Council to make any appointments. 


Sir William was aware that the fellowships were of greater monetary value than 
is usual under such circumstances ; but on one occasion when, in conversation with 
the writer, that aspect of the matter was touched on, Sir William said that he had 
intentionally given them the assigned value because he wished to make it worth 
while for prospective Fellows to qualify themselves, and for actual Fellows to exert 


themselves enthusiastically enough to maintain their positions. 


The collections which in various ways Sir William Macleay had acquired were, 
until the year 1876, kept at his residence at Elizabeth Bay; as by this time they had 
in the aggregate begun to assume considerable proportions, and to be a tax upon the 
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resources available for their safe keeping, he in the year mentioned had two buildings 
put up for their better accommodation in the garden upon part of which the Linnean 
Hall now stands. The larger of these was set apart for the reception of all but the 
entomological specimens ; the latter were accommodated in the smaller building, 
which also provided a work-room for Sir William, who for a number of years 
regularly devoted his mornings, and usually also portion of the afternoons, to 
biological work, and also a room for the taxidermist and articulator, who for some 
time was attached to the Museum in addition to the Curator, Mr. Masters, who from 
its commencement has had charge of it. 


During Sir William Macleay’s life-time, his Museum was always accessible to 
naturalists engaged in research and desirous of referring to its treasures ; and visiting 
biologists from other countries were sure of a hearty welcome from him and of such 
aid as he could afford, as the late Miklouho-Maclay and Mr. W. H. Caldwell have 
testified. On his arrival in Sydney in 1878, Miklouho-Maclay lost no opportunity 
of enthusiastically advocating the establishment of a Zoological Station in Sydney, 
and as one result of his efforts a committee was appointed by the Linnean Society of 
New South Wales to consider certain recommendations set forth by him in a paper 
communicated to the Society in August of that year. The committee, after due 
consideration, brought up a favourable report, which embodied the following offer 
from William Macleay :-— 

“T think it so desirable that Baron Maclay’s proposal should be carried out quickly, and that we 
should be able to announce at once to the scientific world that a Zoological Station is actually in existence 
in Sydney, that I offer to guarantee, until final arrangements are concluded, to find ample room, either in 
or near my Museum, for any visitors to this country who wish to undertake the study and investigation of 
any branch of Natural Science. And I further guarantee that such students shall have free access to, and 


the use of, my Museum, library, and microscopes. This engagement on my part is limited, of course, to 
the bona fide student, and does not apply to the mere collector, whether amateur or professional.”* 


Of Sir William Macleay’s intentions respecting the ultimate disposal of his 
collections in the form of an announced testamentary bequest to the University of 
Sydney, the authorities thereof had had an informal notification as far back as 1876. 
Subsequently he decided to make the presentation during his life-time and to provide 
the sum of £6000 endowment for the curator’s salary, on condition that a suitable 
building were forthwith erected to receive the collections. At the solicitation of the 
Senate of the University, the Government authorised the erection of a plain but 
substantial building in close proximity to the main University buildings ; and shortly 
after its completion, in the latter part of 1889 and the beginning of 1890 the 
collections were removed from the temporary buildings at Elizabeth Bay, in which 
for some thirteen years they had been housed, to the new quarters at the University. 


* Proceedings of the Linnean Society of New South Wales, Vol. iii. p. 162. 
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The only conditions attached by Sir William Macleay to his donation were—that the 
present curator should be continued in office; that the endowment of £6000 for the 
salary of a curator should be used for this and no other purpose ; and that the 
Museum should be made easily accessible to students of natural history and members 
of the Linnean Society of New South Wales. 


The Macleay Museum building contains a single spacious hall, 200 feet long by 
76 feet wide, provided with a gallery 13 feet wide at the sides and 26 feet at the 
ends, the space below the gallery being divided by partitions into a series of bays, 
eleven on each side, each bay having a large window. 


The Macleay Collection is, as might be expected, richest in representatives of the 
Australian fauna, almost every department of which, except, perhaps, in the case of 
some of the soft invertebrates difficult to preserve satisfactorily, is, at least, fairly, 
and in many cases well, represented. The especial feature of the Museum is, of 
course, the entomological department, not only by reason of the historic interest 
attaching to it as representing the accumulation of more than a century’s collecting 
by Macleays of three generations, but as comprising the finest collection of Australian 
insects extant ; and it must ever be a source of gratification to Australian entomolo- 
gists that so remarkable a collection has not only been preserved intact, but that, 
held in trust by the University of Sydney for the nation, it will contimue to be 
available for study to present and future generations of workers. The following 
additional particulars will be of interest :— 


The anthropological and ethnological collections include over 200 crania of 
aboriginal Australians and natives of New Guinea and the South Sea Islands, six 
entire skeletons of natives of Torres Straits, and many hundreds of specimens of 
native weapons, implements, and utensils from Australia, New Guinea, Melanesia, 
ete. 


The collection of Mammalia comprises nearly 500 specimens (including skins, 
skeletons, and skulls) of Marsupials and Monotremes, and nearly 400 specimens of 
other orders. The collection of Birds is a particularly valuable one, comprising no 
fewer than about 10,000 specimens—a fair number of representatives of the Aus- 
tralian species mounted, the rest unmounted. There are upwards of 6000 specimens 
of Reptiles of all orders, mostly in spirits. The Batrachia, too, have not been over- 
looked. The collection of Fishes is very extensive ; on a rough estimate there are 
about 13,000 specimens of all kinds, mounted and in spirits. 


Of the Invertebrata the Insecta are the most largely represented, and it would 
be quite impossible to arrive at even an approximate estimate of the immense 
multitudes of representatives of all orders that fill the drawers of the insect cabinets. 

s 
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There is also a fine collection of Crustacea comprising 7000 or 8000 specimens, 
and a good series of Australian Spiders. 


The Mollusca, though not nearly so numerous as the Insects, are yet a very 
numerous collection, which Mr. Masters estimates at not less than 50,000. 


Of the numbers of the other Invertebrata, no estimate has been formed ; but 
there are many thousands of specimens of Worms, Echinoderms, Coelenterates and 


Sponges. 


Besides these zoological specimens, there is also a considerable, though much 
less important, collection of geological specimens from various sources. 


In his Presidential Address to the Linnean Society of New South Wales in 
1892, Professor Haswell in reviewing Sir William Macleay’s well-directed plans to 
promote the welfare of science pertinently poimted out that— 


“There are several ways in which an individual possessed of the necessary means and the necessary 
enlightenment may further the ends of science. He may himself add by his own investigations to the sum 
total of our knowledge. He may, without himself prosecuting any researches, accumulate in an intelligent 
way material with the aid of which others may be enabled to advance the science in which he is interested. 
He may by his personal influence and example be the means of inducing others to devote their energies to 
scientific work. He may provide facilities, as, for example, by building laboratories or biological stations, 
furnishing instruments and apparatus, and forming collections of scientific books, by which scientific 
workers may carry on their work with convenience and thoroughness. Or he may provide funds by means 
of which investigators may be enabled to devote all their time and energy to the work of research. 


“ Now I think I may say that Sir William Macleay contributed to the progress of science to a greater 


or less extent, not in one or two only, but in all of these ways.” 


The indebtedness of the Colony of New South Wales to Sir Wiliam Macleay is 
not alone confined to the services rendered by him of which mention has already been 
made. He was at all times ready to place his scientific knowledge and experience at 
the service of the country, and in this capacity rendered important and valuable aid 
as Chairman of the Royal Commission on Oyster Culture in 1877, as Chairman also 
of the Royal Commission appointed in 1880 to inquire into and report upon the 
actual state and prospect of the Fisheries of the Colony, as Chairman of the first 
Fisheries Commission appointed under the Fisheries Act, as a Member of the Board 
of Trustees of the Australian Museum and also of the Public Library, and from 1875 
as Fellow of the Senate of the University of Sydney. Sir William Macleay also for 
a time was Captain in the Volunteer Artillery. 


The honour of Knight Bachelor was conferred upon Sir William Macleay in 
1889. His death took place on December 7th, 1891, in his seventy-second year. 
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It is, happily, no new thing for public-spirited men in Australia, as elsewhere, 
of their wealth to provide for the needs, in the way of endowment, of educational or 
other institutions or enterprises whose aim it is to advance knowledge, to ameliorate 
human want or suffering, or by the discoveries of exploring parties to make known 
the resources of the most out of the way portions of the continent ; nor have such 
been exclusively confined to any one colony. But among Australian public bene- 
factors whose names are deservedly held in honour and esteem, William Macleay 
occupies a niche entirely his own. He was pre-eminently the Patron of Natural 
Science in Australia ; and as such he was a worker as well asa giver. And splendid 
though his benefactions were, amounting from first to last to about one hundred 
thousand pounds, he has left his adopted country a nobler and more estimable 
heritage in his example and in his long-continued personal service without fee or 
expectation of reward, and without any craving for outward and visible signs of 
public approval or popularity, actuated simply by a sincere desire to see the land of 
his adoption, whose splendid possibilities he fully recognised, attain the full measure 
of its intellectual as well as of its material development. 


J. J. Fuetcuer. 
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I.— Inrropuctory. 


In September of 1891 the opportunity presented itself of spending a short time 
in Queensland. I was in hopes of securing embryos of Ceratodus, but owing to the 
lateness of the season and University work which necessitated my return to 
Melbourne, I was unable to do this. I am much indebted for valuable assistance to 
the Hon. A. Norton, President of the Royal Society of Queensland, to the Secretary 
of the latter, Mr. W. Ryott Maughan, and to Mr. Thomas Illidge of Gayndah. 


As is well known, Ceratodus is now confined to two rivers in Queensland—the 
Mary and the Burnett. My time was spent in the neighbourhood of Gayndah, a 
township on the latter. It was in this district that the first embryos of Ceratodus 
were discovered by Mr. Caldwell. 


The Burnett is a river of considerable size, with alternating deep pools and 
shallow runs. Ceratodus is fairly plentiful, but you may fish for a considerable time 
without catching one, probably because its normal food is vegetable matter such as 
river weeds and gum-tree fruit. To obtain it you must search in the deep, quiet 
pools which are full of water in both summer and winter. It is very doubtful indeed 
if Ceratodus ever lives in a normal condition out of water; it certainly does not 
appear to ever bury itself in mud when the waters dry up. 


The lung is used, not as at times the only, but as always an accessory organ of 
respiration. Without doubt there are, however, times when this organ is of especial 
use to it. 


The year in the Burnett district may be divided into three periods—(1) the 
rainy season, (2) the intermediate season, when the river is flowmg freely but is not 
flooded and (3) the dry season, when the river is low, but when the deep pools retain 
a good supply of water and are normally connected by a trickling stream. Ceratodus 
lives in the deep pools which rarely, if ever, become completely dried up. 


Surprising statements have been made very recently as to its habits. For 
example, Lumholtz* states that Ceratodus may be seen creeping out of the water and 
sunning itself upon logs. Anyone who has taken one out of the water and watched 
it will realise the impossibility of its domg any such thing. The fins, useful enough 
as paddles in the water, are quite incapable (as Dr. Giinther pointed out) of sustaining 
its weight ; in fact on land it is utterly helpless and unable to move. I fancy that 


* «© Among Cannibals.” 
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Lumbholtz’s informant must have mistaken a large water-lizard (Physzgnathus lesueurit) 
which is frequently met with in the Burnett for a Ceratodus. The former animal 
constantly climbs out on to logs and suns itself and may grow to a large enough size 
to be mistaken for a Ceratodus. It is dark-coloured like the logs and rapidly slips 
off into the water when disturbed. Dr. Giinther refers to statements as to the 
animal going on to land, or at least mud-flats, but regards these as doubtfully true. 
In discrediting them he was, I believe, after watching the animal in its native haunts, 
perfectly correct and this for two reasons—first, because the animal cannot move on 
land; it does not when taken from the water even throw itself about in the lively 
way of ordinary fish and never attempts to raise itself by its weak paddles; and 
second, because out of the water, unless kept moist artificially, its life is limited to a 
comparatively short time. 


The noise made by Ceratodus, and to which Dr. Giinther refers, is due probably 
to the expiration of air from the nostrils just as the animal reaches the surface, the 
result being what the fishermen of the district call a “ spouting.” 


Whatever be the state of the water, the animal appears to constantly breathe 
air; but there are two special times when its lung is probably of greatest use to it. 
The first of these is when the river is flooded by the yearly rains and the water is 
charged with an immense amount of fine sandy particles washed down from the 
surrounding country. The Burnett runs in a deep channel with every now and then 
great sandbanks—bare in dry weather and extending for long distances. The 
quantity washed down into the river during often a very few hours must be 
enormous. The second is when the river is abnormally low during the hot season 
and when its waters become fouled with gases from decomposing vegetable matter— 
for as the hot season advances the river weeds increase very rapidly in quantity. 
During either of these times it is easy to see that the possession of a lung to an 
animal which could remain in its normal element would be of great service. 


The development of the swimming bladder of ordinary fishes into the lung of 
Dipnoi has been attended with certain important changes in the circulatory system 
and we find that the latter presents, as might have been expected, remarkable points 
of affinity to not only the arterial but also the venous system of Amphibia. 


So far as I am aware, our knowledge of the blood-vessels of Ceratodus is as yet 
comparatively small. I have been unable, owing to lack of literature in Melbourne, 
to ascertain exactly what is already known. To my friend Professor Haswell of 
Sydney University I am much indebted for a copy of the part of Boas’* paper 
referring to Ceratodus, though, unfortunately, in the paper from which Professor 


* Ueber Herz und Arterienbogen bei Ceratodus und Protopterus. Von J. E. V. Boas. Morph. Jahrbuch, VI. 
pp. 331-354. 
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Haswell was good enough to make this copy for me, the plates were missing. If I 
fail to acknowledge work previously done it is simply owing to inability to refer to 
this in Melbourne. Judging, however, from the papers by Giinther,* Boas and 
recent text books, little has been described beyond the structure of the heart and the 
relation of some of the main vessels, and it appeared to be worth while to describe as 
fully as possible the whole circulatory system of Ceratodus at the risk of traversing 
ground already passed over to a certain extent by previous workers. 


IJ.—Tue Arrerizs. 


A. The ventral aorta and afferent branchial arteries. 


The ventral aorta in Ceratodus, as in other Dipnoi, is extremely short ; in fact, 
the four afferent branchial arteries, as shown by Boas and Giinther in Ceratodus and 
by Owen and others in Lepidosiren, arise almost directly from the anterior end of the 
strongly muscular conus arteriosus, their roots being close together as in the 


Amphibia. 


When lying in their normal position (fig. 1), the first and second are nearest to 
the ventral surface of the body; slightly dorsad of these the third enters and covered 
over by the third the fourth enters. In the normal position, the third artery must 
be pulled aside before the root of the fourth can be seen. 


The arteries pass forwards and at the same time bend outwards and slightly 
dorsally to enter the four branchial arches (fig. 20), each of which bears a holo- 
branch.+ 


The gills have been already described and figured by Giinther{; but as there are 
one or two points of importance connected with the relationship of the blood vessels 
dependent upon the exact distribution of the branchial lamine, the gills are here 
described and represented in figs. 20 and 21. With minor exceptions the following 
account agrees closely with that given by Giinther. The anterior hemibranch is 
attached to the hyoidean arch, and may hence be conveniently termed the hyoidean 
hemibranch. This is equivalent to the opercular gill of such forms as Elasmobranchs, 
Holocephali, Chondrostean Ganoids, and Lepidosteus, and is spoken of by Giinther 
as the pseudobranchia. 


* Description of Ceratodus, a Genus of Ganoid Fishes, recently discovered in Rivers of Queensland, Australia, <A. 
Ginther. Phil. Trans. Roy. Soc. London, 1871, p. 511. 


+ In the use of this convenient term, as in that of hemibranch, I have followed Prof. T. J. Parker. A hemibranch 
is the whole set of gill filaments on one side of a gill arch. A holobranch is composed of the two sets, one on either side of 
a gill arch. 


+ Loc. cit. p. 539, pl. xxxvu. fig. 6. 
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The four first branchial arches form membranous folds. Except at their upper 
and lower extremities, the outer edges of the arches are concealed by the projecting 
tips of the branchial lamin. The attachment of the latter, each of which is about 
1 inch in width, is shown in fig. 4. Dorsally and ventrally the lamine of each 
hemibranch pass from the arch itself on to the dorsal and ventral walls respectively 
of the successive clefts (fig. 21). The result is that of the nine hemibranchs the two 
first are connected dorsally, the third and fourth, fifth and sixth, seventh and eighth 
both dorsally and ventrally. Thus, as shown in fig. 21, the second, third, and fourth 
gill clefts are completely surrounded by branchial laminze. The ventral part of the 
second and the ventral and dorsal parts of the ninth hemibranch are not connected 
with those of other arches. 


The internal surface of each arch bears a double series of small triangular plates 
—the gill-rakers. The series of these is complete on both the hyoidean and fifth 
branchial arches, though the latter bears no laminz. The arrangement can be seen 
by reference to figs. 20 and 21. 


Each of the four afferent arteries passes up one of the branchial arches, giving 
off right and left branches to the internal attached edges of the lamine, and at the 
dorsal end gives off on either side a small branch, which follows the course of the 
corresponding hemibranch. The relative position of the afferent artery is shown in 
fig. 4, and will be dealt with later when dealing with the efferent arteries. There is 
no afferent artery carrying venous blood to the hyoidean arch such as is present in 
Lepidosiren. 


B. Efferent branchial arteries, epibranchial arteries, and dorsal aorta. 


As in Plagiostomes, there is an efferent branchial artery for each hemibranch— 
that is there are two in each branchial arch. The general arrangement of these is 
shown diagrammatically in figs. 2, 3, and 5. 


Every branchial lamina is provided with a small efferent vessel passing along its 
outer free border, and each of these opens into the efferent artery of its own side 
(fig. 4). The artery of the hyoidean hemibranch will be dealt with shortly. 


The two efferent vessels of each branchial arch run dorsally, and ¢he par in each 
arch unite together to form a single epibranchial artery (figs. 2 and 5). In each arch 
the posterior is somewhat smaller than the anterior one. 


Those of the fourth and third arches end blindly on the ventral side, but, whilst 
the same is true of the posterior vessels in the second and first arches, the anterior 
ones here give off important branches. 
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On the dorsal surface of the gills the efferent artery of each hemibranch 
bifureates, the larger of the two branches thus formed passing upwards to unite with 
its fellow of the same holobranch, the other following the course of the hemibranch 
at the base of the lamine and uniting with that of the hemibranch immediately 
caudad or cephalad of it as the case may be. The relationship of the various 
branches will be seen by reference to figs. 2, 3, and 5. 


The relation of the various efferent and afferent arteries to each other and to the 
other parts of the gill is seen in fig. 4, which represents semi-diagrammatically a 
transverse section across one of the branchial arches. 


The cartilaginous arch itself lies on the cesophageal side and has its inner surface 
coneave in outline ; on either side of the central membranous fold which forms the 
arch external to the cartilage lies a branchial lamina. In the middle line and 
immediately external to the cartilage lies the single afferent vessel which is of 
considerable size ; from this a small branch arises on either side, running along the 
inner attached end of a lamina. It breaks up into a plexus of small vessels which 
pass outwards towards the free border of the lamina and there communicate with an 
efferent vessel which runs towards the base of the lamina and opens into the efferent 
vessel of its own side. The afferent branches on each side are united across the 
median membranous fold of the arch by small cross-vessels. 


The two efferent vessels run one on either side of the cartilaginous arch and 
between the anterior efferent and the afferent artery lies a single nerve. There do 
not appear to be two present, as there are in such forms as Mustelus. 


Though (as described already by Boas) two efferent vessels are present in each 
arch, it may be noted that these differ markedly from those of Mustelus and other 
Plagiostomes in that the pair in each arch unite together to form an epibranchial 
artery ; whereas in the latter the posterior efferent vessel of one arch unites with the 
anterior of the one lying posteriorly to it. In this respect Ceratodus retains in the 
adult what is an embryonic feature, according to Dohrn (as quoted by Parker), in 
Pristiurus, where, prior to the connection between the efferent branches of adjacent 
arteries, the pair of each one falls into the dorsal portion leading to the dorsal aorta. 


In the development of the amphibian branchial blood vessels there is present, as 
described recently by Marshall and Bles* in Rana, an afferent and single efferent 
vessel ; there appears to be no trace of a second efferent and as the one present lies 
to the anterior side of the afferent, it must be regarded as the homologue of the 
anterior of the two present in Plagiostomes and Ceratodus, in both of which again it 


* Studies from the Biological Laboratories of the Owens College (1890). The Development of the Blood Vessels in 
the Frog. Marshall and Bles. p. 186. 
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is interesting to note that it is the larger of the two. In this respect the embryo 
Rana presents a feature characteristic of the adult Holocephali and Teleostei and of 
the embryo Pristiurus. 


The four epibranchial arteries formed by the union of the successive pairs of 
efferent vessels pass backwards and towards the middle line immediately beneath the 
vertebral column, and by their union give rise to the dorsal aorta. The epibranchial 
arteries unite in pairs—first, those of the first and second branchial arches, then those 
of the third and fourth (figs. 2, 3, &e.). By this union on each side two main arteries 
are formed which again unite to form the dorsal aorta which runs backwards 
immediately beneath the vertebral column until at the posterior end of the body 
where the hemal arches commence it is continued into the tail region as the caudal 
artery. 


C. Branches arising from the efferent branchial arteries and the epibranchial arteries. 


(a) From the anterior efferent artery of the first branchial arch (figs. 2, 3, 
and 6). 


Instead of ending blindly at the ventral termination of the first branchial 
hemibranch, the efferent vessel is continued downwards towards the ventral surface. 
It turns forwards and at the level of the posterior edge of the hyoid arch comes to 
lie close to the inferior jugular vein. At this point it divides into two. The first 
of these runs forwards into the muscles on the lower surface of the head and passes 
to the region in the floor of the mouth, where it gives a small branch which unites 
in the median line with one from the corresponding vessel of the opposite side. This 
vessel may be‘called the “nxgua/ artery and in its origin from the ventral end of the 
efferent vessel of the first branchial arch it is precisely similar to that of the lmgual 
artery as described by Marshall and Bles in the frog (figs. 2, 3, and 6, “xg. avt.). 


The second branch turns outwards and passes immediately dorsad of the inferior 
jugular vein, crossing to the posterior side of this (fig. 6). It then runs along the 
outer flattened surface of the ceratohyal beneath the opercular bone, giving off a 
few small branches to the muscles in this part. Then passing through a notch 
immediately beneath the 7th cranial nerve it turns sharply backwards and runs to 
the hyoidean hemibranch. In this it divides into two branches, one running 
downwards and the other upwards to join the small branch running across to the 
anterior efferent artery of the first branchial arch. 


This second vessel is the hyozdean artery (figs. 3 and 6, Zy. art). 


Thus, as in Teleostei, the hyoidean gill is supplied with arterial blood from the 
ventral end of the first branchial efferent artery. In Protopterus and Lepidosiren, 
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on the other hand, the hyoidean vessel arises from the first afferent artery, and thus 


carries venous blood. 


(b) From the anterior efferent artery of the second branchial arch (figs. 2, 
3, and 6). 


This vessel, like that of the first arch, does not end blindly. It is continued 
ventrad of the gill arch and forms a vessel which may be called the Lypodbranchial 


artery. 


This runs first of all towards the ventral surface and then turns backwards in 
front and ventrad of the second afferent vessel. It then divides into two branches, 
of which the first immediately turns dorsalwards and at the same time towards the 
median line. Passing dorsad of the 3rd and 4th afferent vessels and of the heart, it 
is distributed to the ventral wall of the cesophagus and forms the @sophageal artery 
(figs. 2, 3, and 6, ws. art). 


The second branch first gives off a vessel running ventrally and supplying the 
muscles ventrad of the afferent vessels and then bifurcates. One of the resultant 
vessels passes to the anterior wall of the pericardium (fig. 6, fevz. a7t.), the other 
runs to the ventral side of the conus arteriosus, and then penetrating the muscle wall 
of the latter can be traced as far as its union with the ventricle. This forms the 
coronary artery and I have been unable to detect any corresponding branch from the 
hypobranchial artery of the left side (figs. 2, 3, and 6, cov. avt.). 


With the two exceptions above described the efferent vessels of the branchial 
arches end blindly on the ventral surface, those of consecutive arches not being 
definitely united together as they are in such an Elasmobranch as Mustelus.* In 
this respect again the Dipnoi agree with Teleostei and Amphibia. As stated above, 
in the development of Rana the efferent artery of the first branchial arch becomes 
directly continuous ventrally with the lingual artery, though probably both in the 
ease of Amphibia and of Ceratodus this is not a primitive feature, but one due to 
modification of the blood vessels following on suppression of the gills in front of the 
branchial arches. 


(c) Anterior carotid artery (figs. 2 and 5). 


The artery which from its distribution appears to be the equivalent of the vessel 
of this name in fishes is in direct connection with the hyoidean hemibranch. The 
small vessels in the laminz of the latter open into a collecting vessel (= post-efferent 
vessel of other arches ?), and from about the middle of the length of this, at the 
level where the hyoidean artery enters, the anterior carotid arises. Its origin is 


* Cf. Parker, Phil. Trans. R. S. 1886, pl. xxxty. and xxxy. figs. 1 and 6, 
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represented diagrammatically in figs. 2 and 5. It runs for a short distance just 
outside the cartilage at the posterior end of the skull, but soon penetrates this, 
passing dorsad of the superior jugular vein and hyoidean branch of the 7th cranial 
nerve ; it pursues an almost straight course, trending slightly forwards and towards 
the median line. Passing ventrad of the posterior carotid and of the branch between 
the 7th and 9th cranial nerves and of the main branch of the 5th nerve, it reaches the 
brain cavity, across the floor of which, behind the level of the infundibulum, it sends 
a branch which unites with one from the corresponding artery of the other side. 
There is thus formed a small czrculus cephalicus (fig. 5 c.c.), though this is apparently 
stated to be absent in Dipnoi.* 


The main branch enters the brain case and divides into (a) an anterior cerebral 
branch which supplies the front part of the brain, and (b) a posterior cerebral branch 
which supplies the hind part of the brain (fig. 5, ant. cer. art., post. cer. art.) 


(d) Posterior carotid artery (figs. 2 and 5). 


This is a larger branch than the anterior carotid. It arises on each side from 
the epibranchial artery of the first branchial arch, and immediately runs forwards into 
the cartilaginous cranium. It passes to the outer side of the auditory organ and 
then bends inwards towards the middle line until it crosses the anterior carotid, 
immediately ventrad of which it lies. The fifth nerve lies dorsad of both and 
gives off a branch which passes round the posterior side of both arteries where 
they cross one another and then turns immediately forwards ventrad of them and 
runs to the anterior end of the head. 


Shortly after entering the cartilage the artery gives off a branch which passes 
downwards and then runs forwards under the parasphenoid to the roof of the mouth. 
This is the palatine artery (fig. 5, pal. art.). 


Just after crossing the anterior carotid it divides into two branches, of which 
one runs outwards to the orbit, forming the ovéztal artery (orb. art.), and another 
runs on till it comes to the optic nerve, on which it branches. 


Of the above arteries the anterior carotid must be regarded as equivalent to the 
combined pseudobranchial and anterior carotid arteries of such forms as Mustelus and 
Raja,+ where a pseudobranch is present, and to the anterior carotid of Callorhynchus,t 
where, as in Ceratodus, no pseudobranch is present. In all the forms, though the 


* Cf. Forms of Animal Life, 2nd Edit. Jackson, p. 425. 
+ Cf. Parker, loc. cit. p. 693, fig. 1. 
t Cf. Parker, loc. cit. p. 693, fig. 17. 
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exact point of origin and relationship to other vessels varies somewhat, still the 
artery in question agrees in taking its origin from the efferent artery of the hyoidean 
hemibranch. Here again modifications have been produced by suppression of anterior 
gills and consequent changes in the arrangement of blood vessels connected with 
these. 


In the case of the posterior carotid* the point of origin varies somewhat from 
that which obtains in such forms as Mustelus and Callorhynchus. The differences 
may be regarded as due to the fact that the efferent artery of the hyoidean 
hemibranch is not connected directly, as it is in the latter forms, with an epibranchial 
artery. In Callorhynchus, at all events it arises from such a connecting vessel, 
whilst in Ceratodus it does not, and we may probably regard the posterior carotid 
as equivalent to the latter artery proper together with the proximal portion of a 
suppressed epibranchial artery belonging formerly to the hyoidean arch. The 
correctness or otherwise of this can only be determined by a study of the develop- 
ment of the vessels. In its origin the posterior carotid of Ceratodus corresponds 
closely to the internal carotid of Rana, though, at the same time, the distribution of 
the latter is rather that of the vessel above described as anterior carotid. As Parker 
points out,t the use of the name “carotid” in regard to the vessels of fishes, &c., 
“must be taken to imply nothing more than a general correspondence with the 
similarly named vessels in the higher vertebrata.” 


(e) From the united first and second epibranchial arteries (figs. 2 and 5). 


Immediately behind the pomt of union of the first and second epibranchial 
arteries there arises a comparatively small vessel which runs directly upwards behind 
the skull and in front of the first modified rib. From its position it may be called 
the occipital artery (figs. 5 and 14, occ. art.). At about the level of the spinal 
cord it divides into two branches. The first of these continues the course of the main 
vessel and runs directly upwards to supply the muscles of the mid dorsal surface 
immediately behind the skull. The second turns backwards and gives off three 
branches, (a) one running to the side of the vertebral column—the anterior vertebral 
artery, (b) one running towards the surface through the muscles in the body wall 
behind the shoulder girdle ; in all probability this runs to the level of the lateral 
cutaneous vein, to be described later and accompanies this in its course and (c) one 
which runs downwards and round the anterior margin of the first rib—the costal 
artery. 


* Cf. Parker. loc. cit. p. 695, figs. 1 and 7, 
+ Loc. cit. p. 693. 
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D. Vessels arising from the dorsal aorta. 


These vary on the two sides of the body. 


(a) The left side. 
(a) Subelavian (fig. 2). 


This name was originally applied by Dr. Giinther* to the artery in question, and 
it was rightly pointed out by him that the left subclavian was twice as large as the 
right. The vessel arises at the level of the fifth muscle segment behind the scapula. 


Immediately after its origin it divides into two branches :— 


(1) The érachial artery (figs. 2 and 14, 2 ér. art.). This runs outwards, 
downwards, and slightly forwards to the attachment of the pectoral limb. It gives 
off first a branch to the muscles behind the lower part of the coracoid and, as it 
enters the limb, another small branch which runs round to the anterior face of the 
lower part of the coracoid (corac. art. ). 


(2) The anxterzor spermatic (or oviducal) artery (figs. 2 and 14, 2 ant. sperm. art.). 
This is a large branch—larger than the brachial 





which passes backwards almost 
immediately from the point of origin of the subclavian. It runs nearly parallel to 
the vertebral column, crosses the large spermatic vein of the same side, and enters 
dorsally the anterior extremity of the body cavity. Here it passes at once into the 
spermatic band (or the ovary). It gives off branches to this, and at the posterior 
end 7s adtrectly continuous with the posterior spermatic (or oviducal) artery. There is 
no difficulty in tracing this artery along the whole length of the spermatic band, 
though its size is somewhat diminished some distance from the anterior end and 
increases again towards the posterior end. 


(b) Segmental arteries. 


These, as in other forms, are given off in each segment, right and left, from the 
whole length of the dorsal aorta, and supply the dorsal muscles. 


(c) Iliac, renal, posterior spermatic (or oviducal), intestinal, and cloacal 
arteries (figs. 10 and 14). 


From a point somewhat behind the level of the anterior end of the kidneys 
arises a large vessel which divides into the following branches :— 


* Phil. Trans. R.S. London, 1871, p. 511. 
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(1) Zac artery.—This is a comparatively small vessel running downwards, 
outwards and backwards to supply the hind limb (figs. 10 and 14, 2 z@ac art.). 


(2) Posterior spermatic (or oviducal) artery.—This runs at first downwards and 
then turns forwards, passing through the anterior part of the kidney to supply the 
testis (or ovary) along which it runs, and, as stated above, is directly continuous with 
the anterior spermatic (or oviducal) artery (figs. 10 and 14, 2 fost. sperm. art.). 


(3) Renal artery.—This runs downwards and backwards to enter the left kidney, 
where it divides into an anterior and posterior vessel (figs. 10 and 14, 2. renal art.). 


(4) Postertor intestinal and cloacal artery.— This forms a branch which runs 
downwards towards the median line between the right and left kidneys. It divides 
into two branches. One of these runs anteriorly and slightly dorsally till it touches 
and becomes attached to the ventral wall of the lung. From this point branches are 
given off to the dorsal wall of the intestine (figs. 6 and 12, Aost. x¢. art.). The other 
runs backwards between the two kidneys and breaks up into branches, which supply 
the parts in the cloacal region (figs. 10 and 14, clo. avt.). 


(8) The right side. 
(a) Ceeliaco-mesenteriec artery. 


As pointed out by Giinther, this arises from the aorta on the right side 
immediately in front of the subclavian (= brachial artery of this side). In Elasmo- 
branchs (as Mustelus) it arises comparatively close to the entrance of the last 
epibranchial artery into the dorsal aorta and in Amphibia the corresponding vessel 
arises from close to the union of the systemic arches or even from one of the latter. 
In Ceratodus a considerable interval separates it from the commencement of the 
dorsal aorta. 


Owing to the extreme shortness of the alimentary canal in Ceratodus—a point 
of strong contrast between the latter and either Elasmobranchs or Amphibia (except 
certain Urodeles, such as Proteus), and of resemblance between the Dipnoi and 
Holocephali—together with the absence of any clearly marked stomach and owing 
also to the fact that it gives off the anterior spermatic (or oviducal) artery of its side, 
this vessel has somewhat different relationship from that which obtains in the case of 
the artery of the same name in Elasmobranchs. 


In Ceratodus it forms a large vessel which runs at first outwards but soon turns 
downwards and then backwards and runs ventrad of the brachial artery to enter 
the body cavity where the liver is attached to its walls anteriorly. Piercing the 
liver it gives rise to three main branches (fig. 14) :— 
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(1) The hepatic artery giving off branches to the lobes of the liver (Zep. art.) 


(2) The exteric artery, which forms the largest of the three branches and 
supplies the alimentary canal (ext. art.) This appears to be equivalent to the 
anterior mesenteric vein as described by Parker in Mustelus, the cceliac branch of 
the latter being probably represented in Ceratodus merely by the hepatic artery. 


(3) The right anterior spermatic (or oviducal) artery.—This runs backwards 
through the right testis or ovary as the case may be. It differs from the corre- 
sponding artery of the left side in that it is not directly continuous with the posterior 
spermatic (or oviducal) artery, though small branches pass directly from one to the 
other (7. ant. sp. art.). 


The enteric artery as above said supplies the alimentary canal. Passing to the 
ventral side of this, it turns backwards slightly to the right of the median line and 
then pierces the outer muscular coat just anterior to the point at which the spiral 
fold commences. This part forms the widest portion of the canal. Where the spiral 
fold commences the artery breaks up into three branches :— 


(1) The dorsal intestinal: this follows the curve of the fold until it reaches the 
mid dorsal line and then runs backwards along this to the posterior end (figs. 9, 12, 
and 13, @. zx¢. art.) 


(2) The ventral intestinal: this passes to the mid ventral line and runs along 
this to the posterior end (figs. 9, 12, and 13, v. zezé. at). 


(3) The zxtra-tntestinal : as described by Parker in Scymnus and Mustelus this 
forms a vessel which runs along the free edge of the spiral fold, this free edge m 
Ceratodus being very much thickened. As noted by Giinther the spiral fold 
contains a remarkable organ of very doubtful nature which is filled with a shmy, 
dark sepia-brown substance. The presence of this renders it very difficult to dissect 
out the artery ; but the relative positions of the three vessels can be seen from the 
diagrammatic section drawn in fig. 12. 


The larger first portion of the intestine has its walls supplied by two special 
branches (fig. 9), of which one arises from the dorsal intestinal and the other from 
the ventral intestinal artery. 


Along their courses the dorsal and ventral arteries give off lateral branches 
corresponding in position to the points at which they cross the spiral fold. As this 
made some nine turns in the course of the intestine of the specimen figured (fig. 9), 
there are on each side nine branches, and those arising from the dorsal and ventral 
vessels may run into one another round the sides of the intestine. Each one also 
gives off branches both forwards and backwards and down into the spiral fold. 
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After carefully cutting the intestine open along one side and removing the spiral 
fold along its whole length from the intestine walls, the blood vessels and their 
courses in the latter may be clearly seen when the wall thus opened out is held up 
against the light. 


(b) Right brachial artery. 


This arises immediately behind the cceliaco-mesenteric artery and corresponds in 
ts branches and distribution to the artery of the left side (fig. 14, ~ 67. avz.). 


(c) Iliac, renal, and posterior spermatic (or oviducal) arteries. 


The common trunk giving rise to these arises from the aorta at a point 
somewhat posterior to that from which the corresponding vessel is given off on the 
left side. 


(1) Right thac artery.—As on the left side, its pomt of origin lies close to the 
aorta. It runs outwards, downwards, and backwards to the hind limb of its own 
side (figs. 10 and 14, ~ 2z/. art.) 


(2) Right renal artery.—This runs backwards and supplies the right kidney 
(figs. 10 and 14). 


(3) Right posterior spermatic (or oviducal) artery.—This turns forwards and 
runs through the posterior part of the testis (or ovary), to which it gives off 
branches. Unlike that of the left side, it is not directly continuous with the anterior 
spermatic (or oviducal) of its own side, but the two communicate by small branches 
(figs. 10 and 14, ~ fost. sp. art.). 


IJ1.—Tue Putmonary System. 


Though this, like the arterial arches, has been described by Boas, it will be 
convenient, in order to render this account as complete as possible, to describe it 
here in full. 


Dr. Giinther’s original description showed the nature of the lung so far as 
macroscopic appearances are concerned, and the positions occupied by the vessels on 
the lung.* 


* Phil. Trans. R.S. London, 1871, p. 540. 
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A.— The lung (figs. 17 and 18). 


The lung, as deseribed by Dr. Giinther, arises from the ventral side of the 
cesophagus to the right of the median line. It then passes up the right side being 
closely apposed to the cesophageal wall and for the rest of its course lies on the 
dorsal surface of the alimentary canal beneath the vertebral column being only 
separated from this by the dorsal aorta the ventral face of which is firmly fused with 
the median dorsal line of the lung. Save for a median ventral and dorsal stripe the 
whole external surface shows small rounded protuberances corresponding to the 
“air-cells” within. The whole surface again, save in these two parts, is marked by 
a reticulation of small blood vessels which pass off from the five main ones to be 
shortly described. By the broad dorsal stripe it is firmly attached, as above said, to 
the ventral wall of the aorta and also to the peritoneal membrane lining the body 
cavity immediately on either side of this. A strong median mesentery connects, for 
the greater part of its length, the mid ventral wall of the lung to the mid dorsal wall 
of the intestine. A mid ventral mesentery, again, passes from the ventral intestinal 
to the ventral body wall, though this is not continuous but broken up into a median 
part lying half way along the mtestine after which comes a short gap followed by a 
more posterior portion after which again is a further gap across which pass thin 
strong slips of mesentery (fig. 19, mes.). The extent of the development of the 
ventral mesentery appears to vary somewhat in different examples. 


The internal structure of the lung is beautifully shown in Dr. Giinther’s 
memoir.* To quote his description :—“ The septa separating the compartments 
are imperforate membranes, so that each compartment can be separately filled with 
fluid, only the side towards the median line of the lung being open. The bottom of 
the compartments is again divided into a number of larger and smaller cells by 
reticulated septa, which are very irregularly disposed.” According to this author, 
the compartments are arranged almost symmetrically: in the four specimens of 
Ceratodus whose lungs I cut open this only obtained in the anterior third ; backward 
from this the septa begin gradually to change their relative position until about 
half way down and for the remainder of its length each septum lies opposite to the 
centre of a compartment on the other side of the lung. 


B.—The pulmonary arteries (figs. 17 and 18). 


The fourth epibranchial artery, as described by Boas, gives off on each side a 
large vessel prior to its junction with the third, and the course of the pulmonary 
vessels thus formed varies on each side. 


gil) Be c.0-qgur hp ites 
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(a) Right pulmonary artery (figs. 17 and 18, ~ Azd. art). 


From its point of origin this passes backwards and shghtly inwards till it comes 
to lie close to the right side of the vertebral column. It passes beneath the cceliac 
and subclavian arteries, and entering the body cavity passes directly to the dorsal 
surface of the right half of the lung, along the length of which it runs in close 
contact with the dorsal aorta. It therefore only gives off branches on the right side. 
On the left side there is no artery in a corresponding position. Its course and 
branches can easily be determined by injecting from the pulmonary artery on the 
right side close to the epibranchial vessel. A little way beyond the latter it passes 
through stiff fascize in which its course is difficult to make out unless the vessel has 
been previously injected. 


(b) Left pulmonary artery (figs. 17 and 18, 2. pu. art.). 


The course of this is very different from the simple straightforward one of the 
right artery. From the fourth epibranchial vessel of the left side it passes backwards 
until it reaches the level of the subclavian artery : at this point it lies close to the 
left side of the cesophagus. It now bends suddenly forwards and at the same time 
downwards towards the ventral side of the cesophagus, then it once more turns 
backwards and crosses under the cesophagus just in front of the opening of the lung 
until it reaches the right side. Here it runs backwards close by the pulmonary vein 
and where the lung comes to be dorsad of the alimentary canal divides into two 
branches, one running down either side of the mid ventral stripe and giving off 
branches to the half lung of its own side. Till it comes in contact with the 
alimentary canal its walls are fairly but not noticeably thick. From the level of the 
glottis to the dorsal surface where it passes on to the ventral aspect of the lung— 
that is in the region where it is firmly attached to the alimentary canal—its walls 
are extremely thick and strong and the same is true of the pulmonary vein. 


The two modifications, (a) the curious loop-like course and (b) the strong walls 
just described, are probably both to be regarded as adaptations to prevent any 
interference with the flow of blood when the animal is feeding. 


Judging by the contents of their intestine which is always crammed full of 
vegetable matter—grass, waterweeds, gum-tree fruit, &c.—the animals must be 
somewhat voracious feeders. The food passing down the cesophagus distends the 
latter, around which, loosely attached to its walls, the artery passes : the loop in this 
position allows of its distension. When the cesophagus passes through the stout 
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“diaphragm ” between the pericardium and the body cavity behind, distension of the 
canal would simply mean the obliteration of the lumen of the blood vessels, unless 
these were protected as they both are by stout walls. 


In this same part also the walls of the lung are very thick and muscular. 


C.—Pulmonary vein (figs. 17 and 18, pwd. v.). 


On the ventral aspect of each half of the lung there can be clearly seen a large 
vessel running parallel to and at some distance laterally from the branch of the right 
artery of its own side. Traced forwards, these two veins, which are richly supplied 
on both sides with branches, converge towards the median ventral line until slightly 
in front of the point of divergence of the two arteries they unite to form a single 
thick-walled pulmonary vein. The right branch passes under the corresponding 
artery before joining its fellow so that the vein lies to the left side of the main right 
artery. The two pass close together round the cesophagus (figs. 16 and 18) and then 
the vein runs forwards and towards the left side dorsad of the inferior vena cava 
(to be described below) and the sinus venosus to enter the auricular chamber on the 


left side. 


A curious communication by means of a well-marked transverse vessel on each 
side may here be noted, which exists between the two branches of the right artery 
and of the vein (fig. 18, 2.). 


TV.—Tue VEIns. 


These have been very briefly noted by Dr. Giinther whose short account refers 
almost entirely to the vena cava posterior and its main branches including the renal 


portal system. 


The study of the veins is more difficult than that of the arteries but the venous 
system shows, as might be expected, affinities to both that of a fish on the one hand 
and that of an amphibian on the other. It may be said that in its anterior portion 
Ceratodus is typically piscine, whilst in its posterior, or trunk and caudal regions it 
presents a mixture of piscine and higher types such as is probably not found outside 
the group Dipnoi. 


Cc 
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The veins may be conveniently grouped as follows :— 


A. Caudal vein. 
. Renal portal system. 
Anterior abdominal system. 
. Hepatic portal system and hepatic veins. 


. Derivatives of the anterior cardinal system. 


cl [col es) ek tos) 


Derivatives of the posterior cardinal system, including the inferior vena 
cava. 


G. Brachial veins. 


H. Cutaneous veins. 


We will deal with these in the order indicated. 


A. Caudal vetn (figs. 10 and 16). 


This runs below the dorsal aorta from the posterior end forwards to the level of 
the first hemal arch. Here it passes downwards into the body cavity. As it passes — 
forwards and downwards, it reaches a point at the level of about one-third of the 
length from the anterior end of the kidney (fig. 10,%.). It then divides into two parts, 
one running to the right and the other to the left, of which the right hand branch is 
much larger than the left. 


Into each enters (a) a branch from the posterior two-thirds of the kidney and (b) 
a branch from the anterior third of the kidney which two branches may be regarded 
as vene renales advehentes (fig. 10, v.7.a.). The main vein passes on into the testis 
or ovary, as the case may be, of each side, the right branch being again much larger 
than the left. 


B. Renal portal system (figs. 10, 16, and 19). 


The kidneys are supplied with three series of vex@ renales advehentes in addition 
to those just described. 


(1) Posterior trunk veins (= postertor vene renales advehentes of Gimther). 


On either side of the body the venous blood from the muscle segments behind 
the cloacal region is collected into two veins. One of these lies more superficially 
than the other and passes backwards along the ventro-lateral surface of the body ; 
the other comes from the deeper lying and more laterally placed muscles. 
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The two of each side unite together, just behind the cloacal region, to form a 
single vein which runs forward to the outer and ventral edge of the kidney on each 
side; into the kidney each gives off branches from its inner surface and anteriorly 
each enters into connection with the true renal portal vein. 


Just anterior to the level of the anus a transverse vessel passes across above the 
ureters and intestine and unites the two posterior trunk veins. This is a well-marked 
transverse vessel and by injecting from the vein along the kidney of either side the 
kidney of the other side can be easily injected. Between this anastomotic vessel 
and the kidney on either side, the posterior trunk vein receives two branches (a) one 
from the terminal intestine walls and (b) one from the terminal parts of the ureter 
(fig. 19). 


(2) LZutercostal verns. 


These, to the number of seven or eight, arch across to the kidney of each 
side from the body wall, traversing the remarkable development of cellular tissue 
which lies between the kidney and alimentary canal and the body wall in this part as 
noted by Dr. Giinther. The arrangement of these intercostal veins in one particular 
specimen of Ceratodus is shown in fig. 19, where the lobulated external surface of 
the kidney is shown the organ having been pressed over towards the median line. 
This shows the exact relationship of the vessels as present in the particular specimen. 


(3) Renal portal vein (figs. 7, 16, and 19). 


This name is given to the vein to be now described since it corresponds in origin 
closely to the renal portal vein of Amphibia. It is the one described by Giinther as 
the specially strong posterior intercostal vein of each side. 


In fig. 17 it is represented as a large vessel passing across, as do the intercostals, 
from the body wall to the outer edge of the kidney where it joins the longitudinal 
vein passing forwards from the posterior trunk vein. 


By injecting this vein at the point where it enters the kidney its relationship 
can be made out. Tracing it by this means away from the kidney it is found to 
penetrate the body wall slightly dorsad of and at the level of the attachment of the 
hind limb. It runs downwards in the muscles and is, just before reaching the angle 
of the pelvic plate with which the hind limb articulates, joined by a vessel passing 
directly forwards. It then enters the hind limb. 


This may be called the z/ac vezn and must be regarded from its relationships as 
the equivalent of the vessel returning blood from the hind limb to the united 
posterior part of the posterior cardinal vein during the early developmental stages of 
Amphibia and subsequently to the kidney. 
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The renal portal system is thus of considerable extent, and the system will be 
again referred to after the remainder of the venous system has been described. 


C. Anterior abdominal system (figs. 7 and 16). 


Ceratodus possesses veins which may in all probability be rightly regarded as 
forming an anterior abdominal system comparable to that obtaining in Amphibia ; 
though, at the same time, there exist considerable differences between the two. 


Commencing now with the iliac vein, we find that, shortly after leaving the hind 
limb and after it has passed round to the inner side of the pelvic plate, it divides into 
two branches ; one of these forms the renal portal vem above described, the other 
passes forwards across the inner face of the pelvic plate and the vein thus formed on 
either side of the body gradually runs towards the mid ventral line. One comes to 
lie on each side of the anterior process of the pelvic plate and just in front of the 
termination of this (fig. 7) the two are united by a small transverse vessel and almost 
immediately join together to form a single median vessel which runs forwards in the 
mid ventral line. Each of the constituent vessels may be called a pelvic vern (fig. 7) 
and each of these receives small branches from the muscles of the ventral body wall. 


The single median vessel formed by their union at first lies considerably nearer 
to the inner than to the outer surface of the body wall; but towards the anterior end 
it gradually comes to lie nearer to the external surface though never so close to it 
as in the case of the lateral cutaneous veins. Arrived at the posterior surface of the 
pectoral girdle it turns to the right and passes dorsally through the diaphragm 
bounding the body cavity anteriorly until it passes into the pericardium and enters 
the sinus venosus immediately to the right of the entrance of the right hepatic vein 
(fig. 17). This system will also be referred to again later. 


D. Hepatic portal system (figs. 9, 11, 12, and 16). 


As in the case of the cceliaco-mesenteric artery, the ves forming this system 
have undergone considerable modification when compared with those, for example, of 
an Elasmobranch, in consequence of the relatively short alimentary tract of 
Ceratodus. Notwithstanding this they show a striking resemblance to vessels 
present in such a form as Mustelus especially in the development of an intra- 
intestinal vessel forming the vein of the spiral fold which is further to be regarded 
as a persistent relic of the primitive subintestinal trunk. 
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The large hepatic portal vein leaves the intestine and enters the liver by the 
side of the enteric artery (fig. 9, 2. . v). 


It is formed by the union of three vessels :— 


(1) The dorsal-intestinal vein.—For the greater part of its course this is a 
double vessel one lying close to either side of the dorsal-intestinal artery. At the 
posterior end of the intestine these vessels diverge and pass to the sides of the latter, 
Where the spiral fold first passes dorsally across the intestine they unite together 
and the single vessel thus formed runs backwards by the side of the corresponding 
artery following the line of attachment of the fold to the ventral surface (figs. 8, 
9 and 12, d. znzt. v.). 


(2) The ventral-intestinal vein.—This is a single vessel lying to the right side of 
the corresponding artery and running along the length of the intestine (v. z/. v.). 


(8) The cxtra-cntestinal vern.—This passes along the thickened free edge of the 
spiral fold, gradually disappearing before the posterior end of the latter is reached 
(tnt. int. v.). 


The three vessels above described, the relative positions of which are indicated 
diagrammatically in fig. 12, unite to form the large hepatic portal vein which enters 
and breaks up into branches in the liver. 


The dorsal and ventral intestinal veins receive branches which correspond in 
position to the attachment of the spiral fold to the wall of the intestine as in the 
case of the arterial branches previously described. The arrangement of these is 
represented in fig. 9 and on the right side a special longitudinal vein is developed 
in connection with a curious glandular structure present on the wall of the intestine. 
Each also receives special branches from the walls of the anterior portion of the 
intestine. 

The hepatic veins are two large vessels receiving the greater part of the blood 
from the liver. They enter the sinus venosus (fig. 17), one on erther side of the median 
inferior vena cava, the right hepatic vein lying nearer to this than the left one. 


E. Derivatives of the anterior cardinal system. 


On either side of the body a large Ductus Cuvieri is formed by the union of the 
veins entering the heart, other than the hepatic and the inferior vena cava. The 
two pass inwards through the dorsal and posterior angles of the pericardium (fig. 1%); 
and open into a large median sinus venosus, which may indeed be said to be formed 
by their union, together with the terminal portion of the inferior vena cava. 
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The anterior cardinal system is composed of the following veins :— 


(1) Superior jugular veins (figs. 8, 15, and 16). 


These are a pair of large vessels entering the Ductus Cuvieri, one on each side. The 
latter run outwards from the heart and at the same time take a forward and slightly 
downward course towards the wall bounding posteriorly the gill cavity. In this way 
each comes to lie close underneath the upper part of the coracoid of its own side. 
Here it receives the inferior jugular vein and a large branch which curves backward 
for a very short distance and is formed by the union of four other veins. The 
relation of these is shown in figs. 8, 15, and 16. One of the four is the large jugular 
vein (sup. jug.) which from this point runs upwards, slightly forwards and inwards, 
till it reaches a position above and behind the gill arches and close to the anterior 
border of the upper extremity of the supra-scapula. At this point it receives a 
number of small branches, (a) from the muscles lying immediately posterior to the 
supra-scapula, (b) from the muscles on the dorsal surface just behind the skull, 
(c) from the muscles on the dorso-lateral aspect of the head above the gill cavity 


and (d) from the region of the gill arches. 


From this point the vein runs in a direction which hes roughly at right angles 
to that of its proximal part: it turns forwards almost parallel to the long axis of the 
body, runs horizontally above the level of the arches and pierces the cartilaginous 
cranium in the auditory region. Here it runs dorsad of the branches of the ninth 
and tenth cranial nerves as they pass outwards to the gill arches but ventrad of the 
connecting branch between the seventh and ninth nerves. Dipping ventralwards it 
passes beneath the outer part of the auditory organ and then gradually rising dorsal- 
wards runs forward beneath the anterior and posterior carotids till it reaches the 
level of the apposed fifth and seventh nerves. Beyond the main stem of the fifth 
nerve it rises towards the dorsal surface and at the level of the orbit emerges from 
the cartilage and opens into a large sinus-like space beneath the temporal muscles 
which are covered over externally by the supra-orbital bone. 


From this sinus five other sinus-like vessels diverge (fig. 15) :-— 


(1) One towards the mid line anteriorly, into the lower layer of muscles. 

(2) One almost directly dorsalwards into the upper layer of muscles immediately 
beneath the supra-orbital. 

(3) One to the orbit where it forms the orbital sinus. 


(4) One running slightly posteriorly and upwards to the mid dorsal line, where 
it is In connection with a similar vessel from the other side. 


Spencer—Zhe Blood Vessels of Ceratodus. 23 


(5) One running slightly posteriorly and downwards to the margin of the upper 
jaw, behind the eye, to join a large sinus-like vessel im connection with the inferior 
jugular vein. 


Though vessels must be present bringing back blood from the brain and entering 
presumably the superior jugular, I have been unable to detect such, though by means 
of injection the above described branches were traced with comparatively little 
difficulty and also, as described previously, the cerebral arteries. 


(2) Lnferior jugular vein (figs. 6, 15, and 16). 


This is connected with the Ductus Cuvieri at the point described above. From 
this it runs slightly outwards, lying close to the surface of the hinder wall of the 
fifth cleft and then runs downwards in this superficial position parallel to the fifth 
branchial cartilage. Passing more deeply into the body it turns forwards along the 
ventral side so that its course lies at right angles to the gill arches (fig. 6). Just as 
it does so it divides into two branches, a larger and a smaller, of which the latter 
runs slightly dorsalwards and then turns forwards again dorsad of the afferent 
branchial arteries. The larger one continues its course ventrad of the same vessels. 


The smaller deeper-lying vessel receives, before passing dorsad of the fourth 
afferent artery, a small branch which passes forwards from the anterior wall of the 
pericardium (fig. 6, fev. v.). Dorsad of the arteries it runs along close to the mid 
ventral line in the region of the mesobranchial cartilages. 


The large vessel runs forwards crossing at right angles the afferent arteries 
(fig. 6) and receiving from each arch a small nutrient branchial vem (zz. 67. v.). 
Just anteriorly to the level of the first arch it bends outwards and then passes 
upwards along the outer surface of the flattened cerato-hyal cartilage immediately 
anterior to the hyoidean artery, the relationship of which has been previously 
described. 


It then turns round the angle of the jaw, swelling out as it does so into a sinus 
which may be called the Ayozdean sinus. A branch (mandibular vern) joins it from 
the lower jaw after which it passes forwards to a point beneath the orbit. Here it 
divides into (1) a sinus-like vessel running into the orbit and forming the ordztal 
stnus which is in connection with the sinus belonging to the superior jugular, (2) a 
palatine branch which passes inwards and behind the large palatine teeth and (3) a 
nasal branch passing directly forwards to the olfactory organ. 
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F. Derivatives of the posterior cardinal system. 


Under this head may be considered two important vessels, one on the right and 
one on the left side of the body. There can be, I think, little doubt but that one of 
these is the representative of the left posterior cardinal vein of a typical fish ; whilst 
the other may be rightly regarded, judging from its relationships, as intimately 
associated with a similar right posterior cardinal vein. The significance of this will 
be discussed later. 


In this system we have again an instance of the asymmetrical development of 
the blood vessels which has been already noticed in connection with the pulmonary 
arteries and the anterior abdominal system. 


(1) Posterior cardinal of the left side (figs. 10, 15, and 16). 


It was noted when dealing with the caudal vein that this, after passing 
downwards from the hzmal arch, divides into two branches, between the kidneys, of 
which branches the right is considerably larger than the left. The left branch into 
which open two revehent branches from the kidney of its side passes onwards to the 
left flat band-like testis (or to the ovary). Accompanied by the artery, it runs along 
the whole length of the latter on the inner side close to where the mesentery attaches 
it to the wall of the intestine (fig. 10). It can be easily injected in either direction. 


Traced forwards the artery and vein are found to run onwards to the very 
anterior end of the body cavity above the level of the liver. From the testis, or 
ovary, as the case may be, the vein receives numerous branches during its course. 
Just beyond the anterior end of the body cavity the artery which lies to the outer 
side of the vein crosses dorsad of the latter and runs forwards to join the brachial 
artery of its own side close to the dorsal aorta, as previously described. 


The vein runs on forwards and at the same time slightly downwards giving 
off a curious anastomotic branch to the brachial artery (figs. 2 and 15, x.), beneath 
which it passes until it reaches the point at which the superior jugular and the 
subscapular veins join together to open into the Ductus Cuvieri (fig. 15). It then 
falls into the vessel formed by the union of these two. 


There can, I think, from its relationship—viz., its origin from the caudal vein, 
connection with the kidney and final opening into the Ductus Cuvieri—be no doubt 
but that we are here dealing with a posterior cardinal vein, though perhaps slightly 
modified, such as is characteristic of the piscine type. 
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It may be noticed, however, that in contrast to what obtains in such forms as 
Raja, Squatina, Squalus, Spinax, and Mustelus,* che caudal and posterior cardinal 
veins are directly continuous and that though a renal portal system is formed this 
does not intervene, in Ceratodus, between the two veins mentioned. We have, in 
fact, a renal portal of the amphibian type existing side by side with a posterior 
cardinal system of a primitive piscine nature. 


(2) Lnferior vena cava (figs. 10 and 16). 


In Dr. Giinther’s brief account, he described the vessel now under consideration 
as a single “vena cava posterior.”+ The vessel called above the posterior cardinal 
of the left side he, however, described as ‘a very strong vein from the left testicle, 
which corresponds in situation and function to the main trunk and might be called 
a left vena cava posterior ; but the currents of blood in the two run in opposite 
directions—that of the right (main) trunk running towards the head, that of the left 
towards the tail.” It will be seen that this account corroborates his with regard to 
the right or main trunk, and differs from him with regard to the left. 


The right branch of the caudal vein is a very large one—the largest vessel 
indeed in the body of Ceratodus: it passes from the anterior end of the kidney 
directly into the testis (or ovary), which is shorter on the right than on the left side 
(fig. 16). Both vein and artery, instead of, as on the left side, passing on to the 
anterior end of the body cavity, dorsad of the liver, run directly from the testis into 
the elongated right lobe of the liver. In this the artery runs forwards and then 
turns dorsalwards to join the cceliaco-mesenteric artery just before it gives off the 
enteric branch to the intestine. 


The vein runs straight through the substance of the liver receiving in its course 
(fig. 17) many small branches: reaching the median part it opens directly into the 
sinus venosus by a wide aperture on either side of which lies the opening of one of 
the hepatic vems. Its course from between the kidneys and then forwards through 
the body cavity and finally through the substance of the liver into the median part 
of the sinus venosus, as well as its relationship to the hepatic veins are unmistakable 
points of resemblance between it and an inferior vena cava typical of Amphibia. 


(3) Vertebral vein of right side (figs. 8 and 16, 7. vert. v.). 


This is evidently a vein recognised by Dr. Giinther, who says “the second 
artery ” (z.e., of the left side, the brachial artery of the above description) “forms a 
* Parker, loc. cit. p. 704. 


+ Loc. cit. p. 539. 
D 
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very peculiar anastomosis with the left vena cava superior. This last anastomosis 
is also indicated on the right side; but its arrangement is somewhat different ; 
namely, the right vena cava superior emits a branch inwards towards the aorta, 
running parallel with the arteria coeliaca. The branch is widely open at its origin, 
and colouring matter can easily be injected into its cavity from the vena cava; but 
the canal is gradually obliterated and closed entirely before it reaches the aorta. 
Probably there exists an open communication between the vein named and the aorta 
at an early period of life.” 


The branch in question (fig. 8, ~ vert. v.), which appears to exist only on the 
right side, is formed by the union of several small branches from the side of the 
vertebral column behind the region of the cceliac artery. It crosses the latter and 
then immediately turns downwards by the side of the brachial artery receiving as it 
does so branches from the outer surface of the membrane between the ribs lying just 
behind the latter artery. It then crosses beneath the brachial artery and runs 
downwards, inwards and forwards, increasing rapidly in size till it joins the trunk 
formed by the union of the jugular and subscapular vein in exactly the position in 
which, on the left side, the posterior cardinal joins this. 


We have, I believe, in this vein, the proximal part of which is abnormally large 
in proportion to its area of distribution, the remnant of the anterior part of the right 
posterior cardinal, which now simply serves to carry back blood from the anterior 
vertebral and costal region of the right side. 


G. Brachial veins (figs. 8, 15, and 16). 


The blood from each of the anterior limbs is returned to the heart by a vessel 
which runs superficially from the anterior aspect of the limb upwards in the hinder 
wall of the gill cavity till it falls into the short trunk running between the proximal 
end of the superior and inferior jugular veins. It receives a small branch from the 
dorsal face of the median coracoid portion of the limb girdle. 


H. Cutaneous vein system (figs. 8, 15, and 16). 


In Mustelus amongst Plagiostomes Parker has described the presence of paired 
lateral cutaneous and median dorsal and ventral cutaneous veins. In Ceratodus 
there is no trace of a dorsal cutaneous vein and though in the anterior part of the 
trunk ventrally a vein lies somewhat close to the external surface, this has been 
shown above to be a direct forward prolongation of pelvic veins and hence cannot be 
regarded as equivalent to a cutaneous vein. 
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On the other hand, the lateral cutaneous veins are very well developed, and their 
course easy to follow after injection. Each runs superficially to the muscles at the 
level of the lateral line from the hinder border of the scapula to the posterior end of 
the body, its calibre becoming very small in the tail region. It receives small 
branches from the muscles along its course and at the shoulder girdle passes inwards 
behind the lower end of the scapula where this joins the coracoid. At this point it 
unites with the subscapular vern (figs. 8 and 15, s.-sc. v.). At the point of union is a 
sinus-like structure into which enter a number of branches from the muscles lying 
immediately behind the scapula. The subscapular vein passes downwards (fig. 15) 
and slightly forwards, thus running roughly parallel to the coracoid and beneath the 
latter. It then joins the main trunk, into which the brachial and superior jugular 
veins fall close to the entrance of the latter. 


At about one-third of the distance between the hind limb and the end of the tail 
the cutaneous vessel of each side sends inward a well-marked branch which passes 
between two hzmal arches and opens into the caudal vein (fig. 16). 


There is a striking resemblance between Mustelus and Ceratodus in this vein, 
which in both cases runs at the same level, opens anteriorly into the subscapular 
sinus and posteriorly communicates with the caudal vein. 


V.— GENERAL CONSIDERATIONS. 


A. The arterial systent. 


In certain respects this shows a resemblance to that of Amphibia and in others 
to that of Elasmobranch fishes. 


The especial amphibian features are (1) the origin of the branchial afferent 
vessels almost simultaneously from the anterior end of the conus, (2) the manner of 
union of the epibranchial arteries to form the dorsal aorta and (3) the origin on 
either side of a pulmonary artery from the fourth epibranchial artery. In these 
respects it is very closely similar to an amphibian in which both lungs and gills are 
present. 


Marshall and Bles have pointed out* that in the case of Rana temporaria the 
pulmonary artery is developed at a very early stage and further that the lungs 
appear very early and are used for a considerable time simultaneously with the gills. 


* Loc. cit. pp. 222 and 263. 
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Probably in the earliest forms in which lungs were developed as respiratory struc- 
tures the mode of life was very similar to that of Ceratodus. The animal lived in 
water and at first at any rate and possibly for long the lungs were accessory organs 
used normally together with the branchie. They were functional throughout life 
and in the early life of the tadpole of Rana we have reproduced, so far as the 
respiratory system is concerned, a condition which is normal to Ceratodus through- 
out its whole life. 


The development in Ceratodus of a single instead of a double lung as in 
Protopterus has brought about certain differences in these two forms in the 
pulmonary arteries. Both forms, however, have two—a left and a right one— 
present® and in both the left passes to the ventral surface, and the right to the 
dorsal surface. 


In the arteries also it may be noted as an interesting point that there is present 
a vessel passing forwards from the ventral end of the efferent artery of the first 
branchial arch which is evidently directly comparable to the lingual artery of 
Amphibia, which, as previously mentioned, Marshall and Bles have shown to arise 
from the same vessel in Rana lemporaria. 


In certain respects, however, the arterial system shows close relationship to 
that of Elasmobranchs. 


The most important of these are, (1) the presence of two efferent arteries in 
each arch—an anterior and a posterior one. This is a very characteristic elasmo- 
branch feature. Apparently in the dévelopment of Rana there is no trace of 
anything corresponding to the posterior of the two efferent arteries, the single one 
of the latter forms being the homologue of the larger and, in the Elasmobranchs, 
earlier developed anterior vessel. Ceratodus appears, however, to be more primitive 
than the adult Elasmobranch since throughout life the efferent vessels of the same 
arch unite to form an epibranchial, a condition which only obtains in the latter forms 
during early embryonic stages. 


(2) The origin and distribution of the carotid arteries. Whilst in Elasmo- 
branchs, Ceratodus, and Amphibia a carotid vessel arises from what may be 
regarded as the forward prolongation of the dorsal aorta on each side, in the two 
former it is a branch connected ultimately with the vessel in the hyoidean arch which 


* Zur Anatomie und Physiologie von Protopterus annectens. Berichte der Nat. Gesell. Freiburg, 1888. 
W.N. Parker. 1 am unfortunately unable to refer to Hyrtl’s paper on Lepidosiren paradoxa, but according to Professor 
W. N. Parker the latter has shown that two pulmonary arteries are present in this form. A curious mistake may here 
be noted in the English translation of Wiedersheim’s ‘‘ Comparative Anatomy of Vertebrates.” On page 281] it is stated, 
“in Ceratodus the lung is supplied with blood from the coeliac artery.” This mistake has evidently been copied from 
Giinther’s original paper and does not occur in the original German work, nor does it correspond to the figure on page 280 
of the English translation. 
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carries arterial blood to the brain and gives rise to the cerebral arteries. There are 
certain differences in the origin of this in Elasmobranchs and Ceratodus, already 
noticed and due to the presence in the former and absence in the latter of a 
pseudobranch ; but whilst the carotid system of these forms is undoubtedly closely 
similar the vessels in both differ considerably from those of Amphibia with which it 
is not possible at present to exactly homologize them. 


(3) The presence in Ceratodus of an intra-intestinal artery associated with the 
development, as in Elasmobranchs, of a spiral fold in the intestine. 


(4) The presence in Ceratodus, as in Elasmobranchs (Mustelus), of anterior 
spermatic and oviducal arteries which pass off from the dorsal aorta not far behind 
the entrance of the last pair of epibranchial arteries. 


B. The veins. 


In the veins even still more notably than in the arteries we find a remarkable 
mixture of piscine and amphibian types and with this is associated a lack of 
symmetry on the two sides of the body. 


So far as the cardinal system is concerned, the vessels representing the anterior 
cardinal—superior and inferior jugular veins—are closely similar to those of Elasmo- 
branchs and are characterised by the presence of large sinuses and of anastomotic 
branches—a fact to which Prof. Parker has drawn attention in Mustelus.* In fact, 
it may be said that, so far as the vessels, both veins and arteries of the head region 
are concerned, Ceratodus is typically piscine. 


Again, in the presence of a very distinct lateral cutaneous vein which has 
posterior connections with the caudal vein and opens anteriorly into the subscapular 
sinus, whence a large subscapular vein runs down to the Ductus Cuvieri on each 
side, we see a point of nearly precise agreement with Mustelus. On the other hand, 
neither dorsal nor ventral cutaneous branches appear to be present in Ceratodus. 


A further strong point of agreement is the presence of a well-developed intra- 
intestinal vein in connection, as in Elasmobranchs, with the spiral fold. This vessel 
has now been shown to be present in Elasmobranchs, Holocephali (Callorhynchus), 
and Dipnoi (Ceratodus). 


Whilst the above veins reveal piscine affinities, there are others which show that 
Ceratodus has developed to a certain extent along lines at all events parallel to those 
of the Amphibia. This is shown in the development of (1) the inferior vena cava 
system and (2) the anterior abdominal system to which attention may now be drawn. 


* Loc. cit. p. 721. 
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The caudal vein passing forwards runs downwards to the kidneys between 
which it divides into two main branches running forwards one on either side of the 
mid line. It receives from the kidney two branches on either side which carry to it 
the blood from the renal portal circulation. 


This direct connection between the caudal vein and vessels which must be 
regarded as derivatives of the posterior cardinal system is a feature calling to mind 
the embryonic stages of Amphibia and Elasmobranchs and the adult condition in 
Cyclostomes. 


As shown previously the left forward-running branch receives blood from the 
reproductive glands and runs on to open into the Ductus Cuvieri of its own side. 
The right vessel is, however, much larger than the left, runs forwards nearer to the 
middle line and finally passes through the substance of the liver receiving small 
branches from this and then ofens into the sinus venosus between the two hepatic 
veins. Professor W. N. Parker,* in dealing with Protopterus has stated that the 
vessels which have hitherto been described as “ venze cavze posteriores” are not such 
but correspond to modified “venz cardinales posteriores.” In Ceratodus Dr. 
Giimther spoke of the vessel of the right side as a vena cava posterior and in doing 
so he was, I think, perfectly correct. At the same time it may, I think, be said 
that 2 Ceratodus we have both a posterior cardinal vessel and a posterior (or inferior) 
vena cava present. It is true that the vessel, called in the previous account the left 
posterior cardinal, lies deeper in the body cavity than it normally does in fishes but 
this comparatively slight modification in position is not sufficient to outweigh the 
evidence of its posterior connection with the caudal vein, its relation to the kidneys 
and its anterior termination in the Ductus Cuvieri. 


The vessel of the right side to which the name of inferior vena cava is here given 
presents greater difficulty in the determination of its homology but, judging from 
its relationship to the caudal vein and to the kidney and reproductive organ of its 
own side (identically the same as in the case of the left vessel), together with the 
remarkable course of its anterior part through the liver and its subsequent entrance 
into the middle of the sinus venosus between the hepatic ves, we are forced to 
regard it as the representative of the inferior vena cava of Amphibia (or other forms), 
which has been developed in close relationship to the right posterior cardinal vein. 
It appears as if in Ceratodus, as also in Pisces generally, the right posterior cardinal 
became much larger than the left and as if in Ceratodus it became in part modified 
to form the inferior vena cava. It is interesting to note in this connection the 
account given by Gitte (according to Balfourt) of the development of the 


* Loc. cit. p. 19. 
+ Embryology (Memorial edition), Vol. III. p. 655. 
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inferior vena cava in Amphibia. Subsequently to the formation of the two 
posterior cardinal veins ¢he anterior part of the inferior cava ts found independently 
of but soon unites behind with the right posterior cardinal vein. In the Amphibia the 
two cardinals unite backwards for some distance to give rise to the posterior section 
of the vena cava inferior between the two kidneys. This long union does not obtain 
in Ceratodus where the kidneys are placed very posteriorly and the reproductive 
organs are long band-like structures stretching a long distance forwards. They 
unite, however, between the kidneys where the venz renales revehentes enter. 


In Ceratodus, further, the two vessels which on each side open into the single 
large vessel between the kidneys must be regarded as vene renales revehentes, which 
earry back from the kidneys blood taken to the latter by the posterior trunk, the 
iliac, and the intercostal veins. 


Except for the more posterior point of fusion of the two cardinals, Ceratodus 
presents us with a condition closely comparable to that seen, according to Gotte, 
during the development of Amphibia. In the latter the anterior portions of the 
cardinal veins atrophy whilst in Ceratodus the left persists throughout life and a 
remnant of the right remains, carrying back blood from the vertebral and costal 
region in the anterior part of the trunk. In this way Ceratodus presents a 
remarkable union of piscine and amphibian characters. 


The anterior abdominal system, as described previously, is again one of the most 
striking features in the venous system of Ceratodus. Whether or no the vessels 
described here as pelvic are homologous with the lateral veins of Elasmobranchs 
they have the same relationship to the vein of the hind limb of Ceratodus as have 
the pelvic in an amphibian to the femoral veins. Gdtte, again, has described the iliac 
vein in the development of Amphibia as uniting at first both with the median vessel 
formed by the posterior union of the cardinals-and also with a longitudinal vessel 
on the outer border of the kidney. The latter union is strikingly similar to the one 
(fig. 19) which occurs in the case of the hind limb vein in Ceratodus. The latter 
vessel divides into two of which on each side of the body one runs forwards, unites 
with its fellow and then the median vessel thus formed runs forwards to open into 
the sinus venosus. The median vessel is distinct though comparatively a small one 
and its formation by union of the pelvic veins and subsequent entrance into the 
sinus venosus prevent our regarding it as the homologue of the ventral cutaneous 
vein in Elasmobranchs. In Amphibia the anterior abdominal vein is at first a double 
one, each part entering the sinus separately and though there is no trace anteriorly, 
in the adult Ceratodus, of this double nature, still its origin and termination 
justify us in applying to it the name of anterior abdominal. 
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DESCRIPTION OF PLATES. 


RererENceE Levers. 


A.—Dorsal communicating branches between the efferent branchial arteries. Ant. abd. v.—Anterior 


abdominal vein, Ant. car. art.—Anterior carotid artery. Ant. vert. art.Anterior vertebral artery. 
Au.—Auricle. 


Br. 1 (fig. 20)—First branchial hemibranch. Br. 7, 2, 3, 4—Branchial arches. Br. art.—Brachial 
artery. Br. v.—Brachial vein. 


C. a.—Conus arteriosus. ©. c.—Circulus cephalicus. Clo. urt.—Cloacal artery. Clo, v.—Cloacal 


vein. Cl.-mes.—Ceceliaco-mesenteric artery. Cor. art.—Coronary artery. Corac. art.—Coracoid artery. 
Cost. art.—Costal artery. 


D. int. art.—Dorsal intestinal artery. D. int. v.—Dorsal intestinal vein. 


Lif 1, 2, 3, 4—Efferent branchial arteries. pz. 1, 2, 3, 4—Epibranchial arteries, 


G1.—Glottis. 


Hep. art.—Hepatic artery. H. p. v.—Hepatic portal vein. Hy. art.—Hyoidean artery. Hy. br. — 
Hyoidean hemibranch. Hypo. art.—Hypobranchial artery. 


I. v. c.—Inferior vena cava. nt. art.—Enterie artery. Jnt.-int. art.—Intra-intestinal artery. 
Int.-int. v.—Intra-intestinal vein. Inf. jug.—Inferior jugular vein. 


L. ant. car.—Left anterior carotid artery. JZ. ant. sperm. art.—Left anterior spermatic artery. 
L. br. art.—Left brachial artery. Z. cut. art.—Lateral cutaneous artery. JZ. d. c.—Left ductus cuvieri. 
L, il. art.—Lett iliac artery. ZL. hep. v.—Left hepatic vein. JZ. post. car.—Left posterior carotid artery. 
L. post. card.—Lett posterior cardinal vein. JL. post. sp. art.—Left posterior spermatic artery. ZL. pul. 
art—Left pulmonary artery. ZL. ren. art.—Left renal artery. JZ. sc. v.—Left sub-scapular vein. Lat. 
cut. v.—Lateral cutaneous vein. Ling. art.—Lingual artery. 


Mand. v.—Mandibular branch of inferior jugular vein. Mes.—Mesentery. Muse. art.—Bvranch from 
hypobranchial artery to muscles of ventral surface. 


Nas. v.—Nasal branch of the inferior jugular vein. Mw. br. v.—Nutrient branchial veins. 


Oce. art.—Occipital artery. M@s.—CMsophagus. Ws. art.—Cisophageal artery. Opere. art.—Branch 
from hyoidean artery to inner face of operculum, Operc. v.—Opercular branch of inferior jugular vein. 


Orb. art.—Orbital artery. Orb. 1—Branch from superior jugular vein to orbit. Orb, 2—Branch from 
inferior jugular vein to orbit. 





Pal. art.—Palatine artery. Pal. v.—Palatine vein. Pel.—Anterior process of pelvic plate. Peri. 


art.—Pericardial artery. Paul. v.—Pulmonary vein. Post. cer. art.—Posterior cerebral artery. Post. int. 
art.—Posterior intestinal artery. 
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R. ant. car.—Right anterior carotid. AR. ant. sp. art.—Right anterior spermatic artery. R. br. v.— 
Right brachial vein. A. d. c.—Right ductus cuvieri. £&. i. art.—Right iliac artery. &. a. v.—Right 
iliac vein. AR. inf. jug.—Right inferior jugular vein. A&R. lat. cut. v.—Right lateral cutaneous vein. A. 
post. car.—Right posterior carotid artery. &. ren. art.—Right renal artery. 2. post. sp. art.—Right 
posterior spermatic artery. . sup. jug.—Right superior jugular vein. A. vert. v.—-Right vertebral vein. 
Ren. port. v.—Renal portal vein, 


S.-sc. v.—Subscapular vein. S. v.—Sinus venosus. Sp. f.—Spiral fold. Sup. jug.—Superior jugular 


vein. 
V.—Ventricle. V. int. art.—Ventral intestinal artery. JV. cnt. v.—Ventral intestinal vein. 
X., (fig. 15)—Anastomotie branch between the brachial artery and the left posterior cardinal vein. 


Y. (fig. 20)—Gill-vakers. 
PLATE I. 


Fig. 1.—Diagrammatic drawing of the heart and main blood vessels, as seen from the ventral surface. 


Fig. 2.—Diagrammatic side view of the branchial arteries and the dorsal aorta, together with the main 


vessels which arise anteriorly from the latter. 


Fig. 3.—Diagrammatic drawing of the afferent and efferent branchial arteries, together with the epi- 
branchial arteries and the main arteries which arise from these vessels on the right side. 


Fig. 4.—Semi-diagrammatic drawing of a portion of a gill arch, showing the branchial Jaminz and the 
position of the afferent and efferent arteries.as seen in transverse section of the arch. 


PLATE U1. 


Fig, 5.—Diagrammatic drawing of the dorsal ends of the efferent branchial arteries and the epibranchial 
arteries, together with the main vessels arising from these. This shows especially the origin 


and course of the carotid arteries. 


Fig. 6.—Semi-diagrammatic drawing to show the relative positions of the afferent branchial arteries, the 
vessels arising ventrally from the efferent branchial arteries and the inferior jugular vein. 


Fig. 7.—Diagrammatic drawing of the veins from the hinder part of the body and the hind limbs which 
carry blood to the kidneys, together with the origin of the pelvic veins which unite anteriorly 
to form the anterior abdominal system. 


Fig. 8.—Diagrammatic drawing of the veins which enter the ductus cuvieri of the right side. 


PLATE III. 


Fig. 9.—Side view of the intestine, of which the wall of one side (the right) has been cut away to show 
the spiral fold. Whilst the drawing is semi-diagrammatic, the coiling of the fold and the 
positions of the larger vessels were drawn from an actual specimen. Three complete coils of 
the fold are exposed anteriorly, and posterior to these the six transverse series of blood vessels 
indicate the line followed by the spiral fold in the specimen. This drawing is intended to show 
the distribution of the arteries and veins in the intestine. 

E 
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.10.—Diagrammatic drawing to show the arterial vessels which pass through the kidney and the 


venous vessels so far as the latter are counected with the caudal, the posterior cardinal of the 
left side and the inferior vena cava. The left kidney and testis are drawn in outline; the 


right hand ones are shaded. 


. 11.—The enteric artery and hepatic portal veins, with the three main branches into which each 


divides. 


. 12.—Diagrammatic transverse section across the intestine to show the positions of the arteries and 


veins. 


. 13.—Diagrammatic transverse section across the body of Ceratodus in the middle of the trunk region 


to show the relative positions of the arteries and veins. 


PLATE Iv. 


. 14.—Diagrammatic drawing of the arterial system : seen from the dorsal side. 
. 15.—Semi-diagrammatic drawing of the venous system of the anterior part of the body. 


. 16.—Diagrammatic drawing of the venous system: seen from the ventral side. 


PLATE V. 


. 17.—Drawing (from dissection) of the heart, liver (cut open), lungs and termination of the esophagus. 


The latter has been pulled over to the left side. This drawing shows the sinus venosus cut 
open and the entrance into it of the ductus cuvieri, anterior abdominal vein, hepatic veins and 
inferior vena cava. On the ventral surface of the lung the left pulmonary artery is seen with 
its two branches and the two branches of the pulmonary vein, which unite to form a single 
vessel running forwards to the left auricle. The ventricle is pulled forwards. 


. 18.—Semi-diagrammatic drawing (from dissection) of the cesophagus and anterior part of the lung 


from the ventral surface. The cesophagus is cut open to show the glottis, and the course of 
the pulmonary vein and arteries is shown. 


. 19.—Drawing (from specimen) of the kidney of the left side, with the venous vessels which carry 


blood to it. The kidney is drawn over towards the median line, and some of the lobes are 
lifted up to show the course of the vein, which runs along the outer surface of the kidney and 
into which open the intercostal and renal portal vein. 


. 20.—Drawing (from specimen) of the hyoidean and first branchial hemibranch, together with the 


remaining gills. 


. 21.—Drawing (from specimen) of two hemibranchs, one on either side of the second branchial cleft, to 


show the continuity both dorsal and ventral of the branchial lamin. 


THE PLIOCENE MOLLUSCA OF NEW ZEALAND. 


By F. W. Horroy, F.R.S., Proressor or Grotocy my Canrersury CoLLece, 
CHRISTCHURCH. 


(Plates v1.-1x.) 


Fossiliferous beds of Pliocene age are found in New Zealand only in the southern 
and eastern parts of the North Island. Commencing near Patea, on the south coast, 
they form a band passing eastwards through Wanganui to the Manawatu Gorge in 
the Ruahine Mountains. On the eastern side of these mountains Pliocene beds again 
appear and run along their eastern flanks to Napier and the Mohaka River in Hawkes’ 
Bay*. North of this they are not known with any certainty. On the western side 
of the mountains these beds are said by Mr. James Park to lie conformably on 
supposed Miocene rockst, which occupy the space between the volcanic systems of 
Taranaki and Ruapehu, and continue to the northern part of the Ruahine Mountains; 
but on the eastern side of these mountains the two are uncontformable, and this appears 
to be also the case on the west coast north of New Plymouth.t 


About 64 p.c. of the Phocene mollusca are also found in the Miocene rocks, but 
the Pliocene is characterised by (1) the presence of 7vophon, Columbella, Turricula, 
and Mytilicardia ; (2) by the absence of Perzsternia, Nassa, Mitra, Conus, Limopsis 
and Cucullea ; (3) by the small size of the species of Turritedla, Dentalium, Cytherea, 
Cardium, Pecten and Ostrea. 


From the recent fauna that of the Pliocene is distinguished by having from 23 
to 37 p.c. of the species extinct—that is, so far as is at present known—and by the 
presence of the following genera which are not known to live now in the New Zealand 
seas, viz.: Rzngicula, Oliva, Sigaretus, Eulima, Eulimella, Admete, Cerithium, Risella, 
Lutraria, Loripes, Poroleda and Perna. But perhaps those genera which contain 
minute species only may yet be detected in the living state. 


The examination, however, of a large collection of shells made indiscriminately 
does not give the impression of so great an age as would be implied by the presence 


* Trans. N.Z. Institute, Vol. XVIII. p. 336, pl. x1. 
+ Reports of Geological Explorations, 1886-7, p. 28. 
+ Trans. N.Z. Institute, Vol. XVIII. p. 343. 
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of so many extinct forms; for the recent species are far more common than the extinct 
ones, and the latter are more local and often rare. We seem to be dealing with the 
remains of an earlier fauna disappearing rapidly before the conquering host of the 
recent fauna, which had invaded New Zealand some time previously; and if this idea 
is correct we might expect to find some of the Pliocene forms which are now extinct 
on the shores of New Zealand still lingering in the outlying islands. This appears 
to be the case with Natica vitrea, Cancellaria trailli, Trochus chathamensis and 
Dosinia grayt, of the Chatham Islands; but further investigation is necessary, for at 
present the only collections sent from the Chatham Islands have been dead shells 
picked up on the beach. 


Clas GASTEROPODA. 


Genus AMPHIBOLA. 


AMPHIBOLA AVELLANA, Chemnitz, Conch. Cab. V. figs. 1919-1920 ; Ampullacera 
avellana, Quoy and Gaimard, Voy. Astrolabe, Zool. II. p. 196, pl. xv. figs. 1-9 ; 
Amphibola australis, Woodward, Manual of Mollusca, pl. 1x. fig. 33. 

Locality.—N apier. 
Genus RINGICULA. 


Rinercuta unrpuicata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 313. 


Shell minute, ovate, finely transversely striated. Whorls four, those of the 
spire small and smooth. Aperture rather narrow, slightly obliquely notched in 
front; the outer lip thickened and reflexed; columella with the anterior plication 
much stronger than the posterior. Length 2mm. 


Locality.—Petane. 
Genus TORNATINA. 
Tornatina pacuys, Watson, Linn. Soc. Journal, Vol. XVII. p. 331. 


Locality.—W anganui and Petane. 


Genus TORNATELLA. 


Key to the species. 
Aperture more than half the length of the shell ... 500 0 hs Cee: 
a less than half the length of the shell... wt LD asulegia: 
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Tornaretta atpa, Hutton, Cat. Marine Moll. of N.Z. p. 51 (Buccenaulus). 
(Plate vi. fig. 2.) 


Whorls seven, rather deeply transversely grooved and lightly longitudinally 
striated, the strive showing distinctly in the grooves. Columella with a broad 


double anterior fold and a smaller posterior one. Length 15mm. ; breadth 7 mim. 


Locality.—W anganui. 


TornaTeLLA suncata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 319, pl. xv. fig. 15. 


(Odostomia). 
(Plate vi. fig. 1.) 

Shell ovate, spirally grooved. Whorls eight, those of the spire with 5 to 7 
narrow grooves ; the body whorl with 18 to 20, crossed by longitudinal growth 
lines; suture impressed. Aperture ovate; columella with a single anterior 
oblique fold. Length 25mm. ; breadth 11mm. 


Locality.—W anganui. 


Genus CYLICHNA. 


CyLicHNA ARACHIS, Quoy and Gaimard, Voy. Astrolabe, Zool. Il. p. 361, je 2oqae 
figs. 28-30 (Bulla); Cylichna striata, Hutton, Cat. Marine Moll. of N.Z. p. 52. 


Locality.—Petane. 
Genus MUREX. 


Key to the species. 
Varices more than three, each with 5 or 6 spines 
? 
more than three, each with 7-13 spines ... MW. octogonus. 


more than three, without spines wee ... MW. espinosus. 
M. angasi. 


M. neozelanicus. 


three only es a ASE 


Mvrex NnozELANicus, Quoy and Gaimard, Voy. Astrolabe, Zool. II. p. 529, pl. xxxvi. 
figs. 5-7 ; Tryon, Man. Conch. IT. pl. xx1x. fig. 268. 


Locality.— Wanganui, Petane, Matapiro. 
Mvrex ocroconus, Quoy and Gaimard, Le. IL. p. 531, pl. xxxvu. figs. 8-9; Tryon, Le. 
Il. pl. xxx. fig. 134. 


Locality.—W anganui. 
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Murex esprxosvs, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 333. 
(Plate vi. fig. 3.) 


Shell fusiform, with a moderate canal and no spines. Whorls 53-64, the 
first embryonic, the others spirally and longitudinally ribbed. Longitudinal ribs 
rounded, distant, 8 or 9 on a whorl; spiral ribs strong, scaly, close, about 10 on 
the penultimate and 25-30 on the body whorl, those just below the suture 
smaller than the others. Aperture oval, rather suddenly contracted into the 
moderate and slightly bent canal, which is more or less closed. Length 30mm. ; 
breadth 15mm. 


Locality.—Petane, Matapiro. 


Murex (Preronorvs) aneasi, Crosse, Jour. de Conch. XI. p. 86, pl. 1. fig. 5 (7yphzs); 
Tryon, Le. II. pl. xu. fig. 522; Typhis zealandica, Hutton, Cat. Tertiary Moll. 
of N°Z.p, 2. 
Locality.—W anganui. 
Genus TROPHON. 
Key to the species. 
A. Longitudinal sculpture thin, varices. 


Varices distant, canal long... 500 a . LZ. ambiguus. 
Varices close, canal short 
Spirals distant, narrow on ae ... L. stangert. 
Spirals close, broad... : T. cheesemant. 


B. Longitudinal sculpture broad, forming ribs (Ka lydon). 
Ribs absent on body whorl a i : .. TL. expansus. 
Ribs present on body whorl. 
Spirals close, longitudinals 18 ina whorl... 7. pledecus. 
Spirals close, longitudinals 10-12 in a whorl... 7. duodecinius. 
Spirals distant, longitudinals 12 in a whorl .... 7. cvzspus. 


TropHon amBicuus, Philippi, Abbild. Fuss, pl. 1 fig. 2; Tyron Le. II. pl xxxm. 
fig. 8365 ; Homb. and Jacq. Voy. Pdle Sud, Zool. V. p. 109, pl. xxv. figs. 13-14. 
Locality.—W anganui, Petane, Matapiro. 
TROPHON sTANGERI, Gray, in Dieftenbach’s ““New Zealand,” IT. p. 230 (/usus); Purpura 
rugosa, Quoy and Gaim. |.c. IT. p. 569, pl. xxxvu. figs. 19-21; Tryon Le. I. pl. i. 


figs. 112 and 122: Purpura guoyt, Reeve, Conch. Icon. fig. 71 : Murex spiratus, 
Adams, P.Z.S. 1863, p. 429; Tryon, lc. ILI. pl. xxxmu. fig. 354. 


Locality.—W anganui. 
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TROPHON CHEESEMANI, Hutton, Trans. N.Z. Inst. Vol. XV. p. 131 (Polytropa). 
(Plate vi. fig. 4.) 

Shell small, fusiform. Whorls five ; those of the spire small, with a single 
spiral rib ; body whorl large with five spiral grooves between the ribs, the ribs 
broad and smooth, the grooves narrow and transversely striated. Aperture 
moderate, contracted in front into a short, open, slightly twisted canal; four 


or five short, well developed teeth inside the outer lip. Length 15mm. ; 
breadth 9m. 


Locality. —W anganui. 


TropHon expansus, Hutton, Trans. N.Z. Inst. Vol. XV. p. 410. 
(Plate vi. fig. 5.) 


Shell ovate, spire moderate acute. _Whorls five or six, spirally grooved, the 
grooves narrower than the ribs; about 26 grooves on the body whorl, crossed by 
undulating lamine of growth worn smooth. Aperture ovate, wide, slightly 
angled behind ; outer lip expanded; columella rounded, with a small posterior 
canal; anterior canal very short and recurved. Length 20mm.; breadth 10mm. 


Locality.—Wanganui, Petane, Matapiro. 


TropHon pLeBetus, Hutton, Cat. Marine Moll. of. N.Z. p. 9 (/7wszs). 
(Plate vi. fig. 6.) 
Shell small, fusiform. Whorls six or seven, spirally grooved and finely 


longitudinally plaited. Aperture oval, anterior canal moderate, bent slightly to 
the left ; outer lip grooved in the adult. Length 21mm.; breadth 10mm. 


Locality.—Wanganui, Petane, Matapiro. 


TropHon puopecimus, Gray, in Dieftenbach’s ““New Zealand,” IT. p. 230 (4 sus) ; 
Kalydon duodecimus, Hutton, Trans. N.Z. Inst. Vol. XVI. p. 220. 


(Plate VI. fig. ie) 


Shell small, fusiform, with about twelve broad rounded longitudinal ribs, 
which are crossed on the body whorl by about 12 to 18 narrow spiral ribs. 
Aperture oval; canal moderate, nearly straight. Length 14mm.; breadth 6mm. 


Locahty.—W anganui, Petane, Matapiro. 
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Tropuon crispus, Gould, Pro. Boston Soc. Nat. Hist. IIT. p. 141 (Asus) (7%). 
(Plate vi. fig. 8.) 


Shell small, fusiform. Whorls five, with about twelve longitudinal rounded 
ribs which are crossed on the body whorl by 8 or 10 spiral ribs, the grooves 
between which are transversely striated, by growth lamin. Aperture oval, the 
outer lip grooved inside; canal short and straight. Length 7mm.; breadth 4mm. 


Locality.— Wanganui, Petane, Matapiro. 
Distinguished from the last species by the more distant spiral ribs, the shorter 


canal and smaller size. It may be distinct from Fusus crispus of Gould, which comes 
from Terra del Fuego. 


Genus FUSUS. 


Fusus ausrranis, Quoy and Gaimard, Voy. Astrolabe, Zool. II. p. 495, pl. xxxiv. 
nes. 9-14 i Trvon, le, 1 plexxxiv. fies 113. 


Locality.— Wanganui. 


Fusus sprrauis, Adams, Pro. Zool. Soc. 1855, p. 221 (2); Fusus pensum, Hutton, 
Cat. Marine Moll. of N.Z. p. 8. 


(Plate vi. fig. 9.) 


Shell fusiform, elongated. Whorls ten, carmated and spirally ribbed ; the 
keel nodulose or subnodulose, with three narrow spiral ribs behind it and two in 
front on the spire whorls. Aperture broadly ovate, suddenly narrowed into the 
canal, which is long and straight. Length 60mm.; breadth 18mm. 


Locality.—Wanganui, Petane. 


Genus TARON. 
Taron pusius, Hutton, Jour. de Conch. 1878, p. 18 (Zvophon); Taron dubius, Trans. 
N.Z. Inst. Vol. XVI. p. 227. 
(Plate vi. fig. 10.) 


The body whorl has twelve spiral ridges, and usually nine or ten obsolete 
longitudinal ribs at the posterior end. Aperture more than half the length of 
the shell. Length 17mm.; breadth 10mm. 


Locahty.—Wanganu. Rare. 
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Genus SIPHONALIA. 
Key to the species. 


Whorls not nodose, canal produced... ae .. oS. mandarina. 
Me not nodose, canal short sae eee . S. congulata. 
,, nodose, canal long a ss oes sue, 09, Q21ALaLa. 
,, nodose, canal short... af 2s ... 9. 20dosa. 


Srpponaia (?) crncuLata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 315. 


Shell small, rather thin, fusiform, the spire.acute but shorter than the body 
whorl, not nodose nor ribbed. Whorls 5, the two first embryonic, smooth, 
usually sharply shouldered; the others rounded, finely spirally striated and 
delicately marked with growth lines. Suture impressed. Aperture oval, the 
right lip thin ; anterior canal short, nearly straight. 


Locality. —Wanganui, Petane. 


SrpHonaLIA MANDARINA, Duclos, Mag. Zool. VIII; Tyron, l.c. Vol. III. pl. vn. 
fig. 385 ; Fusus zealandicus, Quoy and Gaim. Voy. Astrolabe, Zool. IT. p. 500, 
pl. xxxiv. figs. 4-5. 


Locality. —Wanganui, Petane, Matapiro. 


SIPHONALIA DILATATA, Quoy and Gaimard, l.c. II. p. 498, pl. xxiv. figs. 15-16 ; Tryon, 
le. IIL. pl. xiv. figs. 356-358. 
Locality. —Wanganui, Petane, Matapiro. 


SrpponatiA noposa, Martyn, Univ. Conch. Bauccznum, pl. v.; Tryon, l.c. III. pl. tv1. 
fig. 377. 
Locality.— Wanganui, Petane, Matapiro, Patea. 
Variety conomEA, Hutton, S. xodosa var. D. Cat. Tertiary Moll. of N.Z. p. 3. 
Perhaps the same as Purpura conoidea, Zittel, Voy. Novara, Pale. p. 37, 


pl. xv. fig. 5. 
(Plate v1. fig. 11.) 


Locality.—Petane, Matapiro. 


Genus PISANIA. 
Key to the species. 


Spiral striations faint, uniform... Lise ie sas L, Ceneata. 
5 faint, with distant stronger ones ... LP. striatula. 
z 3 strong, uniform ... %: ae .. P. drewet. 
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Pisanta xineata, Martyn, Univ. Conch. Buceznum, pl. xtvm.; Tryon, Le. ITI. 
pl. uxxu. figs. 229, 230. 


Locality.—W anganui, Petane. 


PISANIA STRIATULA, Hutton; Comdnella striata, Hutton, Trans. N.Z. Inst. Vol. VII. 
p. 458, pl. xxi; (not Pzsanza striata, Guil.). 


(Plate vi. fig. 12.) 


Shell fusiform. Whorls six or seven, convex, with small spiral ribs and 
finely spirally striated between the ribs; upper whorls of the spire longitudinally 
ribbed. Aperture ovate; outer lip grooved inside ; columella with a few small 
teeth at the anterior end; canal rather long, turned slightly backward, and 
notched. Length 29mm. ; breadth 15mm. 


Locality.—Wanganui, Petane, Matapiro. 


PIsaniA DREWEI, Hutton, Trans. N.Z. Inst. Vol. XV. p. 410. 
(Plate vi. fig. 13.) 


Shell fusiform. Whorls six, spirally ribbed, about 22 ribs on the body 
whorl, the spire whorls finely longitudinally ribbed. Aperture ovate, the 
posterior canal well marked, anterior canal short, columella obliquely truncated. 
Length 20mm. ; breadth 11mm. 


Locality.—Wanganui, Petane. 


Genus COMINELLA. 


Key to the species. 
1. Body whorl not longitudinally plicated. 


Spire considerably longer than aperture ... ..» C. accuminata. 
Spire not longer than aperture. 
Posterior sinus strongly developed ... » C. maculata. 
5 ,, slightly developed ... .. (C. verpata: 


2. Body whorl longitudinally plicated. 
Plications nodulose. 
Spire shorter than the aperture __.... .. CC. subnodosa. 
,, longer than the aperture sos ... C. nassovdes. 
Plications smooth. 
Plications not continued to suture ... vent, Coduraaa: 
continued to suture aa ory, Cy RULLONT. 


”? 
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Cominetta macutata, Martyn, Univ. Conch. Buccznum, pl. xurx.; Tryon, le. III. 
pl. uxxx1. figs. 421, 422. 


Locality.—W anganui, Petane, Matapiro. 


Cominetia susnoposa, Hutton, Trans. N.Z. Inst. Vol. TX. p. 596, pl. xvi. fig. 7. 
Locality.—W anganui, Matapiro. 


CominELLA vircata, Adams, Gen. of Moll. pl. xvi. fig. 6a; Baucconum lineolatum, 
Quoy and Gaim. l.c. II. p. 419, pl. xxx. figs. 14-16; Tryon, le. III. pl. uxxx1. 
fig. 425. 


Locality.—W anganui. 


ComInELLA accuminata, Hutton; C. elongata, Hutton, Trans. N.Z. Inst. Vol. XVII. 
p. 315, pl. xvi. fig. 5 (not of Dunker). 


(Plate vi. fig. 14.) 


Shell elongated, the spire much longer than the aperture. Whorls 8, the 
first 24 embryonic, polished ; the next 3 or 4 with about 10 or 11 longitudinal 
ribs; the rest smooth. The spiral sculpture is five spiral lines and, after the 
fourth or fifth whorl, some distant shallow grooves, of which there are about 9 
on the body whorl. Aperture ovate, the posterior canal small but well marked; 
the anterior end deeply notched. Length 33mm. ; breadth 13mm. 


Locahty.—W anganui. 


ComineLta Luripa, Philippi, Zeit. f. Malak. 1848, p. 137; Tryon, le. III. pl. rxxx1. 
fig. 439. 


Locality.—Wanganui, Petane, Matapiro. 


ComineLLa HuTTONI, Kobelt, Cat. d. Gattung Comnedla, p. 233; Buccinum costatum, 
Quoy and Gaim. Voy. Astrolabe, Zool. III. pl. xxx. figs. 19-20 (not of Lamarck); 
Tryon, l.c. ITI. pl. uxxx1. fig. 431. 


Locality. —Matapiro. 


CoMINELLA NassorpES, Reeve, Conch. Icon. Buccinum, tig. 12; Tryon, le. III. 
pl. uxxx1. fig. 442. 


Locality.—Petane. 
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Genus OLIVA. 


Ouiva neozeLaNica, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 314, pl. xvm. fig. 1. 


Shell oblong, the spire accuminate, of 4 or 5 whorls, each of which has an 
anterior callous band covering nearly half the whorl. Suture excavated. 
Aperture narrow, the columella twisted and with 4 or 5 spiral grooves anteriorly 
Length 37mm. ; breadth 15mm. 


Locality.—Patea. 
Genus ANCILLARIA. 


ANCILLARIA AUSTRALIS, Sowb. Sp. Conch. 1830, pl. vu. figs. 44-46; Tryon, le. V. 
pl. xxxvi. figs. 28-29. 


Locality.—W anganui, Petane, Matapiro, Patea. 


AncILtaria LATA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 325. 
(Plate vi. fig. 15.) 


Shell broad, tapering anteriorly, the spire short, all but the embryonic 
whorl covered by a large callus, which also extends over the posterior portion of 
the body whorl. Length up to 42mm. ; breadth to 23mm. 


Locality.—Wanganui, Petane. 


Genus COLUMBELLA. 


1. Shell without sculpture as) nc 500 ... C. choava. 
2, Shell with spiral sculpture only. 
Aperture much less than half the length... C. varians. 
e about one-half the length C. angustata. 
3. Shell with spiral and longitudinal sculpture. 
Spirals on penultimate whorl 7 or 8 C. prsantopsts. 
DFP ey .. CC. cancellaria. 


” ” 99 


CoLumBELLA VARIANS, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 314, pl. xvi. fig. 2. 
(Plate vi. fig. 16.) 


Shell oblong, the spire prominent and acute. Whorls 7, flattened, spirally 
grooved. Grooves variable, sometimes only one on the anterior half of the 
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whorl, sometimes several are equally distributed all over ; generally there is a 
smooth band without grooves on each whorl; sometimes the spire whorls are 
quite smooth or with one or two grooves only. Suture deep. Aperture less 
than half the length of the shell, oval, with the right lip flattened; the posterior 
canal well marked; columella smooth and rounded; the anterior canal very 
short ; right lip toothed within. Length 10mm. ; breadth 4mm. 


Locality.—Wanganui, Petane. 


CoLUMBELLA CHOAVA, Reeve, Conch. Icon. fig. 239 ; Tryon, Le. V. pl. x. fig. 51. 


Locality.—-W anganui, Petane. 


CoLuMBELLA ANGUsTATA, Hutton, Trans. N.Z. Inst. Vol. XVIIL. p. 333. 


Shell elongate fusiform, spirally grooved, the spire longer than the aperture. 
Whorls 6-7, flattened, the suture distinct ; spiral grooves narrow and rather 
distant, 7 on the penultimate and about 15 on the body whorl. Aperture 
elongately oval, not contracted in the middle. Length 11mm. ; breadth 4mm. 


Locality.—Petane. 


CoLuMBELLA PIsANIopsIs, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 314. 
(Plate vi. fig. 17.) 


Shell fusiform, the spire produced and sharp. Whorls 7; the two first 
embryonic, smooth, polished; the others rounded, rather gibbous behind, and 
with rather close spiral ribs. Spire whorls and posterior portion of the body 
whorl with regular, but not strong, longitudinal plications. There are 18 or 20 
longitudinal plicze on a whorl. The penultimate whorl has 7 or 8 spiral ribs, the 
body whorl has from 16 to 20. Suture well marked. Aperture narrow, roundly 
angled behind; the right lip sharp, toothed inside; the columella smooth. 


Length 10mm. ; breadth 4mm. 


Locahty.—Petane, Matapiro. 


CoLUMBELLA CANCELLARIA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 314. 
(Plate vi. fig. 18.) 


Shell fusiform, the spire produced and sharp. Whorls 6 or 7, the first two 
embryonic, polished; the others slightly rounded and with strong spiral ribs 
crossed by longitudinal ribs, which are not so strong as the spiral ones, dividing 
the surface into squares. There are 5 spiral ribs on the penultimate whorl and 
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about 15 on the body whorl; the grooves are rather broader than the ribs and 
are longitudinally striated. The longitudinal ribs die away anteriorly on the 
body whorl. Suture well marked. Aperture narrow ; the outer lip sharp, but 
thickened and toothed inside ; the columella smooth. Length 13mm. ; breadth 
dmm. 


Locality.—W anganui, Petane. 
Genus MARGINELLA. 


MarGINELLA ATTENUATA, Reeve, Conch. Icon. fig. 116; Tryon, Le. V. pl. 


Locality.—Petane. 
Genus VOLUTA. 


Vouuta pacirica, Solander, Quoy and Gaimard, Voy. Astrolabe, Zool. II. p. 625, 
pl. xu1v. fig. 6; Tryon, le. IV. pl. xxvut. fig. 97. 


Locatity.— Wanganui, Petane, Matapiro, Patea. 


Variety ELonGATA, Swainson, Ex. Conch. pls. xx.-xx1. 


Locahity.—-Wanganui. 


Vo LuTa GRAcILIs, Swainson, Ex. Conch. pl. xtu. ; Tryon, lc. IV. pl. xxvuu. fig. 99. 


Locality.— Wanganui, Petane, Matapiro. 


Genus TURRICULA. 


1. Spirally striated. 


14 longitudinals in a whorl ic. se ... IL. marginata. 
12 or 13 longitudinals in a whor! ... sie ... L. planata. 

2. No spiral striations. 
14 longitudinal plaits in a whorl ... Ss ... L. rubiginosa. 
Numerous small nodules on spire whorls... sc | A , toncta: 


TurRICULA RUBIGINOSA, Hutton, Cat. Marine Moll. of N.Z. p. 20 (dZtra). 
(Plate vi. fig. 19.) 


Shell ovato-conical, smooth, the whorls longitudinally plicated, the plications 
getting obsolete on the body whorl, about 14 on a whorl ; spire acute ; aperture 
rather broad ; columella with four oblique plaits. Length 8mm.; breadth 4mm. 


Locality.— Wanganui, Petane. 
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TurricuLa MARGINATA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 315, pl. xvi. fig. 4. 

Shell ovato-conieal, the spire acute, longer than the body whorl. Whorls 

with about 14 longitudinal ribs, which become obsolete on the body whorl, 

crossed by fine spiral striz. Suture margined. Aperture narrow, contracted in 
front ; the columella with four plaits. Length 8mm. ; breadth 2mm. 


Locality.—W anganui. 


TorricuLa pLANATA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 315, pl. xvii. fig. 3. 
Shell ovato-fusiform, the spire acute, but not so long as the body whorl. 
Whorls flattened, distantly longitudinally ribbed and obscurely spirally striated. 
About 12 or 13 ribs on a whorl. Aperture narrow, the right lip not thickened; 
columella with four plaits. Length 14mm. ; breadth 6mm. 


Locality.—W anganui. 


Torricuta tincta, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 326. 


Shell minute ovato-fusiform, smooth and shining. Whorls angled, those on 
the spire with numerous small longitudinal nodules, which gradually disappear on 
the body whorl. Suture covered. Body whorl spirally striated at the anterior 
end. Columella with four plaits, the anterior one very sminall. Length 5mm. 


Locality.— Petane. 


Genus TEREBRA. 


Key to the species. 
Longitudinal ribs 17 or 18 on a whorl = te Pe Leetvastas: 
11 to £5 He at EN LPIGOSLOLO: 


” ” ” 


Treresra TRIsTIs, Deshayes, Pro. Zool. Soc. 1859, p. 306; Tryon, ke Wik spl x: 
fig. 100. 


Locality.— Wanganui, Petane, Matapiro, Patea. 


Trresra costata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 315, pl. xvut. fig. 5. 
(Plate vi. fig. 20.) 
Shell smooth, polished, rather thick. Whorls 10-12, the first 24 embryonic; 
the others longitudinally ribbed, about 11-15 ribs on a whorl, suture well marked. 
No posterior band on the whorls. Aperture ovate, the columella twisted, 
produced into a short, nearly straight canal. No posterior sinus. Length 13mm.; 


breadth 4mm. 


Locality.—W anganui. 
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Genus PLEUROTOMA. 
Key to species. 
A. No callus in aperture. 
1. Whorls not spirally ornamented. 
Whorls sharply keeled... sae .. P. pagoda. 
2. Whorls spirally ribbed. 
a. No longitudinal ribs or nodules. 
a. Whorls keeled. 
Spirals below the keel 15... sta) UPraloude: 


Ms e ae CONT ... LP. nexilis. 
g. Whorls not keeled. 
Spirals below the sinus 11-12 ... LP. cheesemant. 


b. Longitudinally ribbed. 
a. Suture not margined. Longitudinal 
ribs 15 to 20)... Sr bf .. LP. protensa. 

g. Suture slightly margined. 

Longitudinal ribs 11 to 15 we =P. buchanant. 

s. 5; LG tony . LP. plicatella. 

y. Suture strongly margined. 

Longitudinal ribs 13 to 16 .. P. wanganutensis. 


ce. Shoulder with a row of nodules. 


Spirals below the shoulder 7 . 2. tuberculata. 
B. A posterior callus in the aperture (Dri/ia). 
Spiral striation distinct —... . P. equistriata. 
a Pe faint Ao ..- LP. alabaster. 
a e absent ae soo 4 UES 


Prevrotoma pacopa, Hutton, Cat. Tertiary Moll. of N.Z. p. 5. 
(Plate vi. fig. 21.) 


Shell elongato-fusiform. Whorls smooth, strongly keeled. Below the keel 
a concavity bordered by a low spiral rib. Aperture ovate, contracted anteriorly ; 
canal long, straight, narrow. Length 18mm.; breadth 6mm. 


Locality.—Petane, Matapiro. 


Hourron—Tkhe Phocene Mollusca of New Zealand. 19 


PLEUROTOMA ALBULA, Hutton, Cat. Marine Moll. of N.Z. p. 12; P. antipodum, Ki. A. 
Smith, Ann. and Mag. of Nat. Hist. 1877, Vol. XIX. p. 491. 


(Plate vi. fig. 22.) 


Shell small, fusiform. Whorls spirally grooved and with a central prominent 
spiral rib. Aperture oblong, contracted below ; canal short, recurved. Length 
10mm.; breadth 4mm. 


Locality.—Petane, Matapiro. 


Pievroroma Nexiuis, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 317, pl. xvi. fig. 9. 
(Plate vi. fig. 23.) 


Shell minute, fusiform, cancellated. Whorls 6, the two first embryonic, the 
others angled. Those of the spire with a promiment spiral keel crossed by rather 
oblique spiral threads forming an obtuse angle on the keel. Suture margined. 
Body whorl with 8 or 9 spiral ribs, the first and third larger than the others ; 
all, after the sixth, very close together on the canal; these are crossed by rather 
distant longitudinal lines which form a very obtuse angle on the first spiral rib 
or keel. Aperture less than half the length of the shell, rather constricted and 
angled behind ; columella straight, produced into a short eanal. Length 4mm. 


Locality.—Wanganui, Petane. 


PLevROTOMA CHEESEMANI, Hutton, Jour. de Conch. 1878, p. 16; P. zealandica, Smith, 
Ann. and Mag. Nat. Hist. 1877, Vol. XIX. p. 492 (not of Reeve). 


(Plate vr. fig. 24.) 


Shell ovato-fusiform, the spire gradated. Spire whorls smooth in front, 
obliquely striated behind. Body whorl as long as the spire, contracted towards 
the base ; a smooth band at the sinus behind which it is obliquely striated and 
in front spirally ribbed, the interstices finely longitudinally striated; 9 or 10 ribs 
on the outer lip in front of the smooth band. Canal short, recurved. — Length 
20mm.; breadth 9mm. 


Locality.—Wanganui, Petane. 


Pievrotoma prorensa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 317 (Daphuella). 
(Plate vr. fig. 25.) 


Shell small, elongato-fusiform, with the spire longer than the body whorl. 
Whorls ornamented with delicate spiral threads crossed by growth lines, those of 
G 
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the spire longitudinally ribbed; 15 to 20 ribs in a whorl. Suture well marked, 
not margined. Aperture oval, the canal short and broad; sinus small. Length 
9mm.; breadth 3mm. 


Locality. — Petane. 


PLEvROTOMA BUCHANANI, Hutton, Cat. Tertiary Moll. of N.Z. p. 4. 
(Plate vi. fig. 26.) 
Shell elongato-fusiform. Whorls obliquely longitudinally plaited, and with 
fine spiral ribs below the sinus area ; above the sinus area smooth, concave, with 
a slight ridge at the suture. Between 11 and 15 longitudinal plications on a 


whorl. Aperture oval, canal produced, rather bent. Length 22mm.; 
breadth 7mm, 


Locality.—Wanganui, Petane, Matapiro. 


PLevROTOMA PLICATELLA, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 333. 
(Plate vi. fig. 27.) 


Shell fusiform. Whorls spirally striated, and longitudinally ribbed below 
the sinus area, and slightly so at the suture; about 15 to 17 ina whorl. On the 
body whorl the longitudinal ribs are obsolete except at the suture; the spiral 
ribs are irregular. Aperture oval with a short canal; the sinus deep. Length 
24mm.; breadth 10mm. 


Locality.—W anganui. 


PLEUROTOMA WANGANUIENSIS, Hutton, Cat. Tertiary Moll. of N.Z. p. 4. 
(Plate vi. fig. 28.) 


Shell fusiform, the spire longer than the body whorl. Whorls strongly 
spirally ribbed, and obliquely longitudinally ribbed in the centre. From 13 to 
16 longitudinal ribs in a whorl. Suture very finely obliquely striated, and with 
a spiral rib. Aperture oval, canal short and recurved. Length 14mm.; 
breadth 5mm. 


Locality.—Wanganui, Petane, Matapiro. 


PLEvROTOMA TUBERCULATA, Kirk, Trans. N.Z. Inst. Vol. XIV. p. 409. 
(Plate vi. fig. 29.) 


Shell fusiform, the spire equal to the body whorl. Whorls keeled, strongly 
spirally ribbed, and with a row of tubercles on the keel; the suture plicated. 
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Sinus area with fine spiral lines; the spiral ribs on the body whorl, below the 
tubercles, are more distant. Aperture oval; canal moderate, twisted. Length 
22mm.; breadth 8mm. 


Locality.—Petane. 


PLEUROTOMA £QUISTRIATA, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 334. 
(Plate vu. fig. 30.) 


Shell fusiform, the spire longer than the body whorl. Whorls spirally 
striated and longitudinally ribbed ; there are 15 longitudinal ribs on a whorl. 
Sinus area concave and covering the suture, spirally striated. Aperture oval, 
canal very short; inner lip with a large posterior callus. Length 18mm; 
breadth 5mm. 


Locality.—Petane. 


PLEUROTOMA ALABASTER, Reeve, Pro. Zool. Soc. 1843, p. 181. 
(Plate vu. fig. 31.) 


Shell fusiform, the spire much longer than the body whorl. Whorls with 
very fine spiral striations and oblique longitudinal, slight plications on the spire 
whorls; there are about 16 or 17 plications on a whorl. Sinus area nearly 
smooth. Aperture oval, the canal short and straight ; sinus rather deep. 
Length 15mm.; breadth 5mm. 


The callus in the aperture is sometimes absent. 


Locahty.—Wanganui, Matapiro. 


Prevroroma Lavis, Hutton, Cat. Marine Moll. of N.Z. p. 12. 
(Plate vu. fig. 32.) 


Shell fusiform, the spire longer than the body whorl. Whorls smooth with 
longitudinal plications ; about 14 on a whorl. Aperture oval, canal short and 
straight ; sinus deep. Length 18mm.; breadth 7mm. 


Locality.—Wanganui, Petane. 


Genus DAPHNELLA. - 
Key to the species. 
Surface finely cancellated ... foe za .. D. lmnetformis. 
» finely spirally striated ven “ «. L), striata. 
, spirally ribbed; minute... si ... D. lacunosa. 
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DaPHNELLA LyMNa&IFORMIS, Kiener, Icon. Pleurotoma, p. 62; Tryon, le. Vol. VI. 
pl. xxv. fig. 60. 


Locahity.—W anganui. 


DapuNELLa striata, Hutton, Cat. Tertiary Moll. of N.Z. p. 5 (Bea). 
(Plate vir. fig. 33.) 


Shell fusiform, the spire rather shorter than the body whorl. Whorls 6-7 
finely spirally striated. Aperture oblong, canal short, slightly recurved; the 
right lip thickened ; sinus obsolete. Length 24mm.; breadth 9mm. 


Locality.—W anganui, Petane. 


Dapune.ia Lacunosa, Hutton, Trans. N.Z. Inst. Vol. XVII. Pp: olze 
(Plate vu. fig. 34.) 


Shell minute, fusiform. Whorls 5, the first two embryonic, the others with 
strong spiral ribs at equal distances. Spire whorls with 3, body whorl with 10 
or 12 of these ribs; the grooves rather broader than the ribs and smooth. 
Aperture ovate, about half the length of the shell; the sinus obsolete ; canal 
short, outer lip thin. Length 5mm. 


Locality.—W anganui. 


Genus CLATHURELLA. 


Key to the species. 


Between 12 and 15 longitudinal ribs in a whorl we C. hamilton. 
~ About 11 longitudinal ribs in a whorl. 
Whorls cancellated into squares a ven (Cy ectyota. 
Whorls not cancellated, spiral strive aie ..- C. stnclairiz. 
3. 7 se spiral striz strong... C. abnormis. 


CLATHURELLA HAMILTONI, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 316, pl. xvm. fig. 7. 
(Plate vi. fig. 35.) 


Shell ovato-fusiform. Whorls strongly longitudinally ribbed and with fine 
spiral threads. About 12-15 longitudinal ribs in a whorl. Aperture ovate, 
rather angled behind; sinus obsolete ; the anterior end deeply notched, and the 
inner lip reflected over the columella. Length 16mm.; breadth 9mm. 


Locality.—W anganui, Petane, Matapiro. 
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CLATHURELLA SINCLAIRU, Smith, Ann. and Mag. Nat. Hist. 1884, Vol. XIV. p. 320. 


Locality.—W anganui, Petane. 


CLATHURELLA ABNORMIS, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 316. 
(Plate vu. fig. 36.) 


Shell minute mitri-form, the spire produced and acute. Whorls angled, 
strongly longitudinally costate and spirally lined. There are 11 longitudinal ribs 
on a whorl, which are crossed by three or four spiral threads in front of the angle, 
none behind it. On the body whorl the spiral threads in front of the angle are 
about 12. Aperture narrow, with a well marked sinus. Length 5mm.; 
breadth 2mm. 


Locality.—Petane. 


CiatHuRELLa (?) proryora, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 316, pl. xvmm. fig. 8. 
(Plate vi. fig. 37.) 


Shell minute, elongato-fusiform, the whorls slightly angled and cancellated. 
Longitudinal ribs narrow and distant, about 11 im a whorl. Spire whorls with 
three strong distant spiral ribs, the interstices finely spirally striated ; body whorl 
with about nine spiral ribs, the posterior three larger and alternating with a 
small rib as well as the spiral striz. Aperture oval, nearly half the length of 
the shell; posterior sinus broad and shallow ; anterior canal moderate. Length 
6mm.; breadth 3mm. 


Locality.—W anganui, Petane. 
Genus TRITON. 


Triton SPENGLERI, Lamarck ; Tryon, lc. III. p. 16, pl. 1x. fig. 61. 


Locality.— Wanganui. 
Genus CASSIS. 


Cassis pyrum, Lamarck; Tryon Le. 


Locality.—W anganui. 
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Genus NATICA. 


Key to the species. 
1. Shell orbicular, umbilicus open. 


A funiculus, umbilicus rather wide ane ... LV. neozelanica. 
No funiculus, callus small a d ... LV. australis. 
. Shell orbicular, umbilicus closed by a ie 
Callus thin.. wo Pas be aap .. LV. levis. 
Callus thick, ic estes iorly wee . LV. gibbosa. 
3. Shell oval, solid, with a large callus (AZamma). 
Umbilicus not covered... ae as men NVouatn: 


NAatIcA NEOZELANICA, Quoy and Gaimard, Voy. Astrolabe, Zool. II. p. 237, pl. uxv1. 
figs, 11, 12. 


Locality.—Wanganui, Petane, Matapiro, Patea. 


Natica ausrratis, Hutton, Jour. de Conch, 1878, p. 23 (Lunazza). 
(Plate vu. fig. 38.) 


Shell globose and smooth. Whorls 33, the suture well marked but not 
excavated. Umbilicus narrow without any funiculus; a small posterior callus 
in the aperture. Length 7mm.; breadth 7mm. 


Locality.—Wanganui, Petane, Matapiro. 


Narica tavis, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 317. 
(Plate vu. fig. 39.) 


Shell sub-globose, transverse, smooth, without any spiral markings. _Whorls 
4, the two first polished. Aperture broadly ovate, rounded in front; columella 
curved, the callus covering the umbilicus. Length 19mm.; breadth 23mm. 


Locahty.— Wanganui, Petane. 


Natica eipposa, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 334. 


Shell large, solid, smooth, gibbous, the spire almost buried ; the body whorl 
gibbous posteriorly. Aperture semicircular, the columellar callus very large, 
filling the posterior portion of the aperture, and eventually covering the whole 
umbilical region, Length 50mm.; breadth 50mm, 

Locality.—Matapiro. A single specimen only. 
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Narica ovata, Hutton, Cat. Tertiary Moll. of N.Z. p. 9. 
(Plate vu. fig. 40.) 


Shell pyriformly ovate, smooth, thick. Whorls 5 or 6, the suture covered. 
Aperture semi-lunar ; columellar callus large, but never completely covering the 
umbilicus. Length 37mm. ; breadth 31mm. 


Locality.—Wanganui, Patea. Rare. 


Genus SIGARETUS. 


Key to the species. 
Unmbilicus covered ale a ~ sh .. S. undulatus. 
3 exposed (Maticina) ... on ae sda SUGLILELIES: 


SIGARETUS uNnDULATUS, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 318. 
(Plate vit. fig. 41.) 


Shell sub-globose, smooth, ornamented with delicate, close undulating 
spiral lmes. Whorls 43, the first 24 polished. Aperture ovate, rather produced 
anteriorly ; columella curved, the callus completely covering up the umbilicus. 
Length 21mm.; breadth 21mm. 


Locahty.—Wanganui, Petane. 


Sicaretus cinctus, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 318. 


Shell globoso-ovate, smooth, closely spirally grooved, the grooves shallow. 
Whorls 43, the first three without spiral markings. Suture excavated. 
Aperture oblong, the columella nearly straight ; umbilicus widely open. 
Length 15mm.; breadth 14mm. 


Locality.—W anganui. 


Genus EULIMA. 


EULma TREADWELLI, Hutton; £. mzcans, Trans. N.Z. Inst. Vol. XVII. p. 318 (not of 
Tenison- Woods). (Plate vit. fig. 42.) 
Shell minute, subulate, highly polished, slightly curved to the right. 

Whorls 6, flattened, enamelled, suture almost obliterated. Aperture oval, 

rounded in front and pointed behind, the columella curved. Length 4mm. 


Locality. —W anganui. 
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Evuma (?) mep1a, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 318. 
(Plate vu. fig. 43.) 


Shell minute, shghtly polished, straight. Whorls 6 or 7, slightly convex, 
smooth, without any markings; suture impressed. Aperture ovate, rounded in 
front but not pointed behind ; columella curved to the right, not umbilicated. 
Length 4mm. 


Locality.—-W anganui. 


Genus TURBONILLA. 


TURBONILLA NEOZELANICA, Hutton, Cat. Marine Moll. of N.Z. p. 22 (Chemnitzta). 
(Plate vu. fig. 44.) 


Shell small, turreted, smooth. Whorls 8, the first two embryonic, the 
others longitudinally plaited. Aperture ovate, the peristome incomplete 
Length 6mm. 


Locality.—Wanganui, Petane. 
Genus EULIMELLA. 


Eciimgtia pepLexa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 318. 
(Plate vu. fig. 45.) 


Shell minute, slightly polished, straight. Whorls 6-7, flattened, smooth, 
without any markings; suture impressed. Aperture subquadrate ; columella 
straight, callously reflected over the umbilical region. Length 4mm. 


Locality.—W anganui. 


EULIMELLA oBLigua, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 318. 
(Plate vu. fig. 46.) 


Shell minute, smooth, almost polished, slightly curved to the right. 
Whorls 7 or 8, the last slightly keeled in the middle; suture rather obscure. 
Aperture subquadrate, pointed behind ; columella straight and parallel to the 
outer lip. Length 3mm. 


Locality.—Petane. 
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Genus ACLIS. 


Actus costeLLaTa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 319. 
(Plate vir. fig. 47.) 


Shell minute, subulate. Whorls 6, rounded, the first two smooth and 
polished, the rest spirally grooved. Whorls with the two posterior spiral grooves 
deeper and broader than the others, and the rib between them higher ; crossed 
by delicate longitudinal plications ; base of the body whorl very finely spirally 
grooved. Suture well marked. Aperture ovate, less than half the length of 


the shell ; columella arched ; umbilicus covered. Length 3mm. 
Locahity.—W anganui. 


Genus ODOSTOMIA. 


Key to the species. 


Whorls longitudinally plicated (Parthenta)  ... .. O. rugata. 
Whorls spirally grooved (Pyrvamis) — ... ane ron On fasccata: 
Whorls not ornamented. 
Shell not polished... os ie sae ma Odaeted: 
,, polished, whorls 10. ... Sas af . O. georgiana. 
fs 3 4 IW Wee Baik ee -. O. sheroffit. 


Opostomia Lacrna, Angas, Pro. Zool. Soc. 1867, p. 112, pl. xm. fig. 11 (not of Linn.) 
(Plate vit. fig. 48.) 


Locality.—Wanganui, Petane, Matapiro. 


Opostomia GEorGIANA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 319. 
(Plate vir. fig. 49.) 


Shell rather elongated, polished. Whorls 10, flattened, irregularly longitu- 
dinally marked, but not plicated; body whorl very obtusely keeled. Suture 
impressed. Aperture oval, pointed behind; columella with a single deep, 
posterior, oblique fold, nearly or quite covering the umbilicus. Length 15mm. 


Locality.—W anganui, Petane. 
H 
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Opostom1a SHERIFFU, Hutton, Trans. N.Z. Inst. Vol. XV. p. 411. 
Shell much elongated, subulate. Whorls 15, smooth, flattened and polished, 
the suture deep. Aperture ovate, pointed behind ; columella with one strong 
plait. Length 14mm. 


Locality.— Wanganui. 


Oposromia Fasciata, Hutton, Trans. N.Z. Inst. Vol. XVIT. p. 320. 
(Plate vit. fig. 50.) 


Shell minute, ovato-elongated. Whorls 5, the first rounded and polished, 
the rest flattened; those of the spire with three small spiral grooves at the 
posterior end, a broad smooth band in the centre and a single groove at the 
anterior end. Body whorl with numerous spiral grooves in front of the smooth 
band. Suture impressed. Aperture ovate; columella with a single nearly 
obsolete fold ; umbilicus open. Length 4mi. 


Locahty.—W anganui. 


Opostom1a ruGATA, Hutton; O. plicata, Trans. N.Z. Inst. Vol. XVII. p. 319 (not of 


Uemnisvou: (Plate vu. fig. 51.) 


Shell minute, ovato-elongated, longitudinally plicated. Whorls 6, flattened, 
irregularly longitudinally plicated on the posterior half only, the anterior half of 
the body whorl smooth; the whole shell faintly spirally striated. Suture 
unpressed. Aperture ovate; columella with a single rather strong fold; the 
umbilicus covered. Length 3mi. 


Locality.—W anganui, Petane. 
Genus TRIVIA. 


Trivia NEOZELANICA, Kirk, Trans. N.Z. Inst. Vol. XIV. p. 409. 
Locality.—Petane, Matapiro. 


Genus CANCELLARIA. 


CANCELLARIA TRAILLI, Hutton, Cat. Marine Moll. of N.Z. p. 26. 
(Plate VII. fie. 52.) 
Shell small, thin, oval; spire short, the whorls angled. The entire shell 
very finely cancellated. Columella with three oblique folds ; outer lip shghtly 
erenate. Length 6mm.; breadth 4mm. 


Locatity.—W anganui, Petane. 
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CANCELLARIA LACcUNosSA, Hutton, Trans. N.Z. Inst. Vol. X VII. p. 320. 
(Plate vir. fig. 53.) 

Shell ovato-fusiform. Whorls 6, the first two embryonic, the others rounded, 
spirally ribbed and longitudinally plicated. Spiral ribs three on the spire whorls 
and seven or eight on the body whorl, with fine spiral threads between them. 
Longitudinals numerous and rather oblique, about 15 in a whorl. Aperture 

broadly ovate ; columella with three strong folds ; no anterior notch ; outer lip 
acute. Length 11mm.; breadth 9mm. 


Locality.—Petane. 
Genus ADMETE. 


Apmete (?) ampicua, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 320. 


(oe) 
(Plate vu. fig. 54.) 

Shell minute, ovate, perforated, spirally striated. Whorls 4, the first two 
smooth, the others rather convex, spirally grooved, about 18 or 20 grooves on 
the body whorl. Suture well marked. Aperture ovate, more than half the 
length of the shell; columella smooth, rather produced in front, not covering 
the umbilicus. Length 2mm. 

Locality. —W anganui. 


Genus TRICHOTROPIS. 


TRICHOTROPIS INORNATA, Hutton, Cat. Marine Moll. of N.Z. p. 26; 7. clathrata, 
Sowb. in Reeve, Conch. Icon. fig. 10 ; Voy. Erebus and Terror, Moll. pl. r. fig. 21. 


Locahity.—Wanganui, Petane, Matapiro. 


Genus CERITHIUM. 


CerriTHIUM CANCELLATUM, Hutton, Cat. Tertiary Moll. of N.Z. p. 12. 
(Plate vir. fig. 55.) 


Shell small, turreted ; the whorls cancellated. Whorls 9, the first smooth, 
the two next with longitudinal ribs, the rest with longitudinal and spiral ribs. 
Longitudinals about 23 in the penultimate whorl. Spirals five in the spire whorls 
and 13 or 14 on the body whorl; the longitudinals on the body whorl not 
continued on to the base. Suture deep. Aperture broadly ovate, suddenly 
contracted into the twisted canal; inner lip reflected. Length 14mm.; breadth 
6mm. 


Locality. —Wanganui, Petane. 
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Genus BITTIUM. 


Birrium TEREBELLOIDES, Martens, Critical list of N.Z. Moll. p. 26. 
(Plate vu. fig. 56.) 


Shell turreted ; on the upper whorls three, on the last four spiral ribs of 
nearly equal size, the interstices faintly longitudinally striated. Aperture deeply 
notched. Length 8mm. 


Locahty.— Wanganui, Petane. 


Birtium cinctum, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 334. 
(Plate vu. fig. 57.) 


Shell turreted ; on the upper whorls four, on the last 6-8 spiral ribs of nearly 
equal size. Length, 14mm. 


Locahty.—Wanganui, Petane. 
Genus CERITHIDEA. 


CERITHIDEA BICARINATA, Gray in Dieftenbach’s “New Zealand,” Vol. II. p. 241; Voy. 
My NA 
Erebus and Terror, Moll. pl. 1. fig. 20. 


Locality.—Wanganui, Petane, Matapiro. 
Genus STRUTHIOLARIA. 


Key to the species. 
1. Whorls spirally striated. 


About 14-15 tubercles on a whorl ... ad .. S. papulosa. 
Subnodulose, whorls flattened mee aoe os 09. vermis. 
2. Whorls deeply spirally grooved. 
Body whorl with 10 spirals ... St se Shas gD. Sf PASEME: 
. . 13-14 spirals ae Ae .. S. cengulata. 


SrRUTHIOLARIA PpAPULOSA, Martyn, Univ. Conch. ol. Liv ; Ss stramineda, Woodward 
’ y ’ ? 
Manual of the Mollusca, pl. TV. fig. 6. 


Locality.—W anganui. 
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STRUTHIOLARIA FRASERI, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 329; Hector, 
Outlines of Geol. of N.Z. p. 14, fig. 1. 


Shell spirally grooved. Whorls keeled and flattened, gradated ; usually a 
row of small tubercles on the keel. Spire whorls with 3-4 grooves behind the keel 
and 4-5 in front of it. Body whorl with about 10 spiral grooves in front of the 


keel. Length 77mm.; breadth 46min. 


Locality.—Matapiro. 


STRUTHIOLARIA VERMIS, Martyn, Univ. Conch. pl. nu; S. cvenaulata, Quoy and Gaimard, 
Voy. Astrolabe, Zool. IT. p- 430, pl. OO. figs. 7-9. 


Locality.—Wanganui, Petane, Matapiro. 


STRUTHIOLARIA CINGULATA, Zittel, Reise der Novara, Palzeontologie, p. 35, taf. xv. fig. 2 


Locality. —Patea. A single specimen only, 


Genus CALYPTRAHA. 


Key to the species. 
1. Apex lateral. 


Shell flattened ... as ne ed .. C. calyptreformis. 
Shell inflated ... Pee ae ee So ONCOL 


2. Apex sub-central. 
Shell flattened ... me Sc ie tay eC. SCULUME: 
Shell conical... aes ane ae rete Coan: 


CatypTR#A CALYPTR#FORMIS, Linn.; Crepzdula maculata, Quoy and Gaimard, Voy. 
Astrolabe, Zool. III. p. 422, pl. uxxt. figs. 6-9. 


Locality.—Wanganui, Petane, Matapiro. 


CatyprrR#A INFLATA, Hutton, Trans. N.Z. Inst. Vol. XV. p. 411. 
(Plate vir. fig. 58.) 


t=) 
Shell sub-globose. Whorls 24, rounded, the last inflated, with 4-5 distant, 
low, spiral ribs crossed obliquely by lines of growth. Apex lateral. Length of 


aperture 20mm.; breadth 18mm.; height of shell 10mm. 


Locality.— Wanganui. 
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2 * “ 
Caryprr®a scurum, Lesson, Voy. Coquille, Zool. II. p. 1830. 


Locality.—Wanganui, Petane, Matapiro. 
yy s , 


Catyprr@a Atta, Hutton, Trans. N.Z. Inst. Vol. XVII. p: 329. 
(Plate vit. fig. 59.) 


Shell subcireular, conical, high. Apex subcentral. Height 16mm.; diameter 
25mm. 


Locality.—Petane, Matapiro. 


Genus CREPIDULA. 


Crepiputa acuLeata, Gmil.; C. costata, Quoy and Gaimard, Voy. Astrolabe, Zool. ITI. 
p. 414, pl. xx. figs. 10-11. 


Locality.— Wanganui, Petane, Matapiro. 
CreEpPIDULA monoxyLa, Lesson, Voy. Coquille, Zool. II. p. 391; C. contorta, Quoy and 


Gaim. lc. IIT. p. 418, pl. uxxm. figs. 15-16; C. profunda, Hutton, Cat. Tertiary 
Moll. of N.Z. p. 14. 


Locality.—Wanganui, Petane, Matapiro. 


CRrEPIDULA UNGUIFORMIS, Lamarek, Reeve, Conch. Icon. fig. 1. 


Locality.—Wanganui, Petane. 


Genus HIPPONYX. 


Hippoxyx uncrvarus, Hutton, Cat. Tertiary Moll. of N.Z. p. 14 (Peleopsvs). 


Shell irregularly conical ; apex anterior, recurved, uncinate, subspiral. Whorls 
1, smooth, with fine radiating lines in places ; aperture large, irregularly 
orbicular. Height 20mm.; diameter 27mm. 


Locality.— Wanganui. 
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Genus TURRITELLA. 


Key to the species. 


One central spiral rib... soe a: ooh <0 iL. pagoda. 
Two strong spiral ribs on each whorl... oe soo IA, EU, 
Three strong spiral ribs on each whorl ... AM ... L. tricincta. 
Spiral ribs increasing from 2 to 6 on a whorl ... soo Les FORA, 


TURRITELLA ROSEA, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 136, pl. xv. 


a DADE 
figs. 24-26. 


Locality.—Wanganui, Petane, Matapiro. 


TurRITELLA TRicincTA, Hutton, Cat. Tertiary Moll. of N.Z. p. 13. 
(Plate vi. fig. 60.) 


Whorls with three sub-equal and equidistant strong spiral ribs, the interstices 
finely spirally striated. Length 30mm. 


Locahity.—Wanganui, Petane, Matapiro. 


TuRRITELLA Brcincta, Hutton, Cat. Tertiary Moll. of N.Z. p. 13. 
(Plate vir. fig. 61.) 


Whorls with two strong spiral ribs, the anterior of which is usually the 
larger, and sometimes moniliform. The interstices finely spirally striated. 
Length 25 mm. 


Locality.—Petane, Matapiro. 


TuRRITELLA PAGODA, Reeve, Conch. Icon. fig. 60. 


Locality.—Wanganui. 


Genus EGLISIA. 


Eeuista pLanostoma, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 320. 
(Plate vit. fi 


~ ind DJ 
g. 62.) 


Shell minute, turreted. Whorls 8 or 9, flattened, the anterior portion 
, ; ] 
concave, smooth. Spire whorls with four strong equal spiral ribs, body whorl 
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with 5 or 6 spiral ribs and a smooth base. Suture well marked. Aperture 
ovate, flattened anteriorly, and the outer lip rather straight. Length 5 mm. 


Locahity.—Wanganui, Petane. 


Genus RISSOA. 


Key to the species. 
1. Spire whorls longitudinally ribbed. 


Body whorl smooth Ss or sae .. KR. rugulosa. 
a ,, With one spiral groove bot ove. Ate 2ULDKESSA, 

* ,, With several spiral grooves. 
Whorls 5 cas ae a ane soot ta SVaRGIe. 

i. 6 or 7 aa Eee R. rugosa. 
2. Spire whorls not longitudinally ribbed. 
Whorls smooth, not polished... ape ... RR. annulata. 
, finely spirally striated... ce R. emarginata. 


Body whorl] spirally grooved, spire whorls smooth 2. sewzesulcata. 


Rissoa rucuLtosa, Hutton, Cat. Marine Moll. of N.Z. p. 28. 
| (Plate vit. fig. 63.) 


Whorls 7, smooth, obscurely longitudinally ribbed, aperture ovate, pointed 
behind, peritreme continuous. Length 8 mm. 


Locahity.— Petane. 


Rissoa impressa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 321. 
(Plate vin. fig. 64.) 


Shell pupiform. Whorls 5, the two first smooth, the others longitudinally 
plicated ; base of the body whorl smooth ; a single spiral groove just below the 
suture, which is margined. Aperture broadly ovate ; peritreme continuous and 
rather patulous. Length 2mm. 


Locality.— Petane. 


Rissoa Grapata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 321. 
(Plate vu. fig. 65.) 


Shell small, ovate, cancellated. Whorls 5, gradated; the two first smooth 
and polished ; the others longitudinally and spirally ribbed. Longitudinals about 
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15 ina whorl. Spirals—a posterior one near the angle and two anterior ones 
with a smooth band between them. On the body whorl about 7 spirals in front 
of the smooth band, and the longitudinals become obsolete. Suture impressed. 


Aperture roundly ovate, peritreme continuous. Length 3mm, 


Localty.—Wanganui, Petane. 


Rissoa Rucosa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 321. 


(Plate vin. fig. 66.) 


fo) 


Shell robust, pupiform, roughish. Whorls 6 or 7, the first 14 polished, the 
others of the spire longitudinally plicated, with one spiral rib and a sulcus behind, 
and two in front of the plications ; plications more or less nodulose. Body 
whorl sometimes not longitudinally plicated, the posterior half with about 8 
spiral ribs, the anterior half smooth. Aperture broadly ovate, the peritreme 


continuous and rather patulous. Length 4mm. 


Localty.—Petane. 


Rissoa annutata, Hutton, N.Z. Journal of Science, Vol. II. p. 173. 
(Plate vit. fig. 67.) 


Shell minute, ovate, smooth. Whorls 5, slightly rounded, the suture well 
marked. Aperture rounded, the peritreme continuous in the adult. Length 


2mm. 
Locahty.—Wanganui, Petane. 


This is really a Azssozza, but, as the operculum is never preserved, it is 


better to consider it here as a species of Azssoa. 


Rissoa EMARGINATA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 320. 
(Plate vim. fig. 68.) 


Shell minute, ovato-conical, smooth, polished, very delicately spirally striated. 
Whorls 6, flattened, the two first very small and smooth. Suture obscure. 
Aperture ovate, the peritreme continuous; slightly notched anteriorly. Length 


2mm. 


Locality.—Wanganui, Petane. 
I 
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Rissoa sEMIsuLcata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 321. 
(Plate vi. fig. 69.) 


Shell minute, pupiform, thick. Whorls 5, flattened; the first three or four 
smooth; the last, or the two last, smooth anteriorly, and with four shallow but 
well marked spiral grooves on the posterior half. Suture distinct. Aperture 


roundly ovate, not notched anteriorly, peritreme continuous. Length 3mm. 


Locality.—W anganui. 


Genus RISELLA. 


RIsELLA MELANostomA, Gm. in Linné’s Syst. Nat. ed. 13, p. 3581, No. 90. 


Locality.—W anganui. 


Genus VERMETUS. 


VERMETUS NEOZELANICA, Quoy and Gaim. Voy. Astrolabe, Zool. Vol. TIE. pi 393; 
pl. uxvir. figs. 16-17. 


Locality. —W anganui. 


Vermervus monmuirervs, Hutton, Cat. Tertiary Moll. of N.Z. p. 13 (Cladopoda). 
(Plate vit. fig. 70.) 


Shell irregularly twisted; rugose, with unequal longitudinal moniliform ribs, 


crossed by numerous transverse growth marks. Transverse section subcircular. 


Locahty.— Wanganui. 


Genus SCALARIA. 
Key to the species. 


Longitudinal ribs 11 to 13 ina whorl... oe ... 9. 2elebort. 
5. 5 US to) AD us ae Bee ... S. nympha. 
55 a bones. Ms ee aoe ... 9. Corulum. 


ScaLArRIA ZELEBORI, Frauenfeld, Reise der Novara, Moll. pl. 1 fig. 6; S. exlermedia, 


Hutton, Cat. Tertiary Moll. p. 10. 


Locality.— Wanganui, Petane. 
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Scanaria NymMPHA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 321. 
(Plate vim. fig. 71.) 


Shell small, turreted. Whorls slightly rounded, very finely spirally striated 
and longitudinally ribbed. | About 18 or 20 ribs and two or three larger varices 
in each whorl. Suture impressed. Body whorl keeled anteriorly, all the 
longitudinal ribs ending at the keel; base slightly concave and smooth below the 
keel. Aperture sub-rotund. Length ? 


Locahtty.—Petane. 
Scataria corutum, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 322. 
(Plate vi. fig. 72.) 


Shell minute, ovate, slightly perforated. Whorls 5, very convex, the two 
first smooth, the others longitudinally ribbed ; about 22 to 24 ribs in a whorl, 
the interstices finely spirally lined. Suture deep; body whorl rounded. Aperture 
roundly ovate, peritreme continuous. Length 2mm. 


Locality.— Wanganui. 


Genus XENOPHORA. 


XENOPHORA CONCHYLIOPHORA, Born; Phorus agglutinans, Lamarck, Anim. sans Vert. 
Voll TX. p2 16t-. 
Locality.—Petane. 


Genus TURBO. 


Turso sMarAGpuS, Martyn, Univ. Conch. pl. uxxur.-Lxxiv.; Reeve, Le. fig. 13. 


Locality.—Napier. 
Turso cranosus, Martyn, Univ. Conch. pl. xxxvi.; 7: rudecundus, Reeve, fig. 11. 
Locality.—W anganui. 
Genus IMPERATOR. 


IpERATOR IMPERIALIS, Chemnitz, Conch. Cab. V. pl. xm. ; Woodward, Manual of the 
Mollusca, pl. x. fig. 4. 


Locahty.—W anganui. 
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Genus ROTELLA. 


Rorenta neozELAnica, Hombron and Jacquinot, Voy. Péle Sud, Zool. V. p. 53, pl. xiv. 
figs. 5-6; A. vestearia, Woodward, lc. pl. x. fig. 10. 


Locahty.—Wanganui, Petane, Matapiro. 


Genus TROCHUS. 


Key to the species. 
1. Columella twisted. 


Four spirals on penultimate whorl a 1. L2 viridis. 
Seven or eight Ba F2 Bas ... L5 COntCHS. 

2. Columella not twisted. 
Spirals subequal above the keel fe wee) Ln COM KaLUS: 
Spirals at keel and posterior margin larger... 7. chathamensvs. 


Trocuus viripis, Gml.; Polydonta tuberculata, Gray, Voy. Erebus and Terror, Moll. 
Plax he: 6. 


Locality.—W anganui. 
t= 


Trocuvus conicus, Hutton, Trans. N.Z. Inst. Vol. XV. p. 411. 
(Plate vim. fig. 73.) 


Shell high. Whorls 7, slightly convex, with fine spiral moniliform ribs, 
about 8 on the penultimate whorl. Suture deep. Base with spiral moniliform 
strize, the angle rounded. Axial cavity deep, smooth, conical ; columella with 
a posterior fold. Height 21mm. ; breadth 21mm. 


Locality.—W anganui. 
Trocuus TIARATUS, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 256, pl. uxiv. 
figs. 6-11. 


Locality.—Wanganui, Petane, Matapiro. 
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Trocuus CHATHAMENSIS, Hutton, Cat. Marine Moll. of N.Z. p. 36. 
(Plate vu. fig. 74.) 


Whorls flat, with five or six sub-nodulose spiral ribs, those at the keel and 
at the posterior margin of the whorl larger than the others; the base spirally 
striated ; axial cavity small, smooth. Height 8mm.; breadth 9mm. 


Locality. —W anganui. 
Genus CALLIOSTOMA. 


Key to the species. 
1. Base with a large callus. 
Penultimate whorl with 10-11 equidistant spirals C. cunningham. 
% 5 7-8 spirals, the pos- 
terior 5 or 6 much closer ... ... CC. ponderosum. 
2. Base with a small callus. 
Penultimate whorl with 8-10 equidistant spirals C. pelluctdum. 


3. Base without any callus. 


Penultimate whorl with 4 or 5 spirals... ... C. hodger. 
Bs 10 or 12 spirals .» C. punctulatum. 


CaLLiosToMA CUNNINGHAMI, Gray ; Reeve, Conch. Icon. fig. 6. 


Locality.—W anganui. 


Catuiostoma ponpERosuM, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 322. 
(Plate vim. fig. 75.) 


Shell large, solid. Whorls 5 or 6, flattened, the periphery roundly angled ; 
with 7 or 8 spiral ribs, the anterior two distant, the others much closer. Suture 
distinct. Base with about 12 fine spiral ribs. Aperture rhomboidal ; the 


umbilical callus large. Height 35mm. ; breadth 43mm. 


Locality. —W anganui. 


bo 


CaLLiosToMa PELLUCIDUM, Valenciennes, Voy. Venus, Moll. pl. rv. fig. 


Locahty.—Wanganui, Petane. 
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Catiiostoma HopGE!, Hutton, Trans. N.Z. Inst. Vol. VII. p. 458, pl? xx1. 


Shell thin, the whorls flattened and suture obscure; outline of spire concave. 
Whorls sharply angled and with 5 spiral moniliform lines on the penultimate 
whorl. Base without any callosity, or a very small one. Height 21mm.; 
breadth 24mm. 


Locality.—Wanganui, Petane. 
Caxiostoma puncruLatum, Martyn, Univ. Conch. pl. xxxvu.; Zurdo diaphanus, Quoy 


and Gaimard, Le. pl. uxtv. figs. 1-5. 


Locality.—W anganui, Petane. 


Genus CANTHARIDUS. 


Key to the species. 


Spirals on penultimate whorl, 8 to 12... oa a0 C. WENEOYOSUS. 
Spirals on penultimate whorl, 5 or 6. 
Shell depressed, spirals smooth ... oat so Ci pupelles. 
Shell high, spirals moniliform te aie .. C. sanguineus. 


CaNTHARIDUS TENEBROSUS, Adams, Pro. Zool. Soc. 1851, p. 170. 


Locality.— Wanganui, Petane. 


Canruaripus Pupittus, Gould, United States Expl. Exp. XII. p. 186, Atlas, fig. 108. 


Locality.—W anganui, Petane. 


CanTHaripus sancurineus, Gray, in Dieffenbach’s “New Zealand,” II. p. 238; Voy. 
Erebus and Terror, Moll. pl. 1. fig. 2. 


Locality.— Wanganui, Petane. 


Genus MONILEA. 


Monte BGENA, Gould, lc. p. 116, Atlas, fig. 228; Margarita zealandica, Reeve, Conch. 
Icon. fig. 17. 


Locality.—W anganui, Petane, Matapiro. 
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Genus MONODONTA. 
Key to the species. 
Whorls with distant spiral groove... ae ... MW. aethiops. 
A smooth, or with smooth spiral ribs ... ... MW. melanoloma. 
2 with three strong nodulose spiral ribs . MM. lugubris. 


Monoponta zTHI0PS, Gmelin; Zvochus zealandicus, Quoy and Gaimard, l.c. ILI. p. 257, 
pl. txiv. figs. 12-15. 


Locality.—W anganul. 


Mownoponta meLANotoma, Menke, Moll. Nove Hollandiz, No. 50, p. 14. 


Locahty.—Wanganui. 
Monoponta Lucusris, Gmel.; Zvochus congulatus, Quoy and Gaimard, l.c. IIT. p. 259, 
pl. txiv. figs. 16-20. 


Locality.—W anganui. 


Genus CYCLOSTREMA. 


CycLostreMA oBLiquata, Hutton, Trans. N.Z. Inst. Vol. XVIII. p. 335. 


Shell large, spiral, depressed, smooth (?), with a spiral groove above the 
periphery. Whorls 4, increasing rather rapidly. Suture deep. Umbilicus 
wide, Aperture oval, very oblique; peristome continuous, sharp. Greatest 
diameter 20mim.; least diameter 16mm.; height 16mm. 


Locality.—Wanganui. A single specimen. 


Genus SCISSURELLA. 


ScissuRELLA MANTELLI, Woodward, Pro. Zool. Soc. 1859, p. 202, pl. xiv1.; Tryon, 
le. XII. pl. ivi. fig. 12. 


Locality.—Petane. 


sa} 
bo 
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Genus HALIOTIS. 


Hanioris rucGoso-piicara, Chemnitz, Reeve, Conch. Icon. fig. 7; Tryon, le. XII. 
pl. xx. figs. 12,-13. 


Locality.— Matapiro. 
Genus MEGATEBENNUS. 
Mecarepennus moniuirerus, Hutton, Cat. Marine Moll. of N.Z. p. 42 (Lucapzna). 
(Plate vi. fig. 76.) 


Shell ovate, cancellated, the radiating striz submoniliform. Perforation large, 
subcentral, contracted at the sides, bordered internally by a callus. Length 
15mm. 


Locality. —Wanganui, Petane. 


Genus EMARGINULA. 


EmMarGiINnULA sTRIATULA, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 332, 
Pe ux ties) 2220) nvon, rey XO spn 250, pl mkv oe. 


Locahtty.— Wanganui, Petane. 


Genus SUBEMARGINULA. 


SUBEMARGINULA PARMOPHOIDA, Quoy and Gaimard, l.c. p. 325, pl. uxvm. figs. 15, 16 ; 
Tryon, l.c. XII. pl. xi. figs. 78-80. 


Locality.— Wanganui, Petane, Matapiro. 


Genus ACM ALA. 


Acm#a Lacunosa, Reeve, Conch. Icon. Patella, fig. 120; Tryon, le. XIII. pl. xxxvu. 
figs. 7-11. 
co) 


Locatity.—W anganul. 
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AcMa@A FLAMMEA, Quoy and Gaimard, lc. p. 354, pl. Lxx1. figs. 15-24; Tryon, Le. 
XIII. pl. xxxvu. figs. 28-38. 


Locality. —Wanganui, Petane. 


Genus CHITON. 


CHITON PELLIS-SERPENTIS, Quoy and Gaimard, Le. p. 381, pl. Lxxiv. figs. 17-22. 


Locality.—W anganui. 


Genus ACANTHOCHITES. 


ACANTHOCHITES NEOZELANICA, Quoy and Gaimard, lc. p. 400, pl Lxxi. figs. 5-8. 


Locality.—Petane. 


ClissSiG7X) PE OF Ons. 


Genus DENTALIUM. 


Denrauium conicum, Hutton, Cat. Tertiary Moll. of N.Z. p. 1. 
(Plate vim. fig. 77.) 


Shell medium, slightly curved, tapering rapidly, with from 20 to 40 longitudinal 
ribs at the base, decreasing to 15 at the apex; the grooves narrower than the 


ribs, lightly transversely striated. 


Locality.—Wanganui, Petane, Patea. 


Dentatium nanum, Hutton, Cat. Tertiary Moll. of N.Z. p. 1. 
(Plate vi. fig. 78.) 
Shell small, slightly curved, gradually tapering, with about 13 narrow 


longitudinal ribs, which get obsolete towards the base. 


Locahity.—Wanganui, Petane, Matapiro. 
K 
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Denratium ecostatum, Kirk, Trans. N.Z. Inst. Vol. XIII. p. 306. 
(Plate vim. fig. 79.) 
Shell small, slightly curved, quite smooth, polished. 


Locality.—W anganui, Petane. 


Class PELE CY 20 DA: 


Genus BARNIA. 
Barnia siminis, Gray in Dieffenbach’s ‘‘New Zealand,” II. p. 254; Reeve, Conch. Icon. 
Photas, fig. 10. 
Locality.—Matapiro. 
Genus PHOLADIDEA. 


PuHoLADIDEA TRIDENS, Gray in Dieffenbach’s “New Zealand,” IT. p. 254; Voy. Erebus 
and Terror, Moll. pl. m. fig. 8. 


Locality.— Wanganui. 
Genus SAXICAVA. 
Saxicava AustraLis, Lamarck; Reeve, Conch. Icon. fig. 8. 
Locahty.—Petane. 
Genus PANOPASA. 


PanopMA NEOZELANICA, Quoy and Gaimard, Voy. Astrolabe, III. p. 547, pl. xxxm. 
figs. 7-9 ; Reeve, Conch. Icon. fig. 9. 


Locality.—W anganui, Petane, Matapiro. 


Genus CORBULA. 
CorsuLa eryrHropon, Lamarck ; Reeve, Conch. Icon. fig. 4; C. mactlenta, Hutton, 
Cat. Tertiary Moll. p. 18. 
Both valves longitudinally grooved. 


Locality.—Wanganui, Petane, Matapiro. 
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CorBULA NEOZELANICA, Quoy and Gaimard, Voy. Astrolabe, IIT. p. 511, pl. uxxxy. 
figs. 12-14 ; C. catlowe, Reeve, Conch. Icon. fig. 21. 
Both valves finely longitudinally striated. 


Locality. —W anganui. 


Genus ANATINA. 
ANATINA ANGASI, Sowerby. 
Locality.— Wanganui. 


Genus THRACIA. 


Turacia virreA, Hutton, Cat. Marine Moll. of N.Z. p. 61 (Lyonsia), T. granulosa, 
Hutton, Cat. Tertiary Moll. of N.Z. p. 19. 


(Plate rx. fig. 80.) 

Shell elongato-oblong, very thin ; sub-equilateral, rounded at both ends ; 
finely longitudinally striated. Pallial sinus extending to below the umbo. 
Length 20mm.; height 12mm. 

Locality.—W anganui. 


Genus MYODORA. 


Key to the species. 


Length equal to the height... Soe Bots ... MW. neozelanica. 
Length rather more than height. 
Longitudinally striated... sab sob ... MW. striata. 
suleated ... ahs aa ... MM. subrostrata. 


”? 
Length one and a half times the height. 
Posterior dorsal slope longer than the anterior... JZ. antipodume. 
shorter us i ... LW. bolton. 


ie) ” 


Myopora striata, Quoy and Gaimard, Voy. Astrolabe, IIT. p. 537, pl. uxxxiu. fig. 10. 
Locality.—W anganui, Petane. 
Myopora susrostrata, Smith, Pro. Zool. Soc. 1880, p. 584, pl. Li. fig. 6 ; AZ. ovata, 
Hutton, Man. Marine Moll. of N.Z. p. 137 (not of Reeve). 


Locahity.—W anganui. 


Myopora Neozetanica, Smith, Le. p. 584, pl. uum. fig. 5. 


Locahty.—W anganui. 
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Myopora antipopum, Smith, le. p. 585, pl. ti. fig. 7. 


Locality.—W anganui. 
oO 


Myopora sottont, Smith, Le. p. 585, pl. ui. fig. 9. 
Locality.—Matapiro. 
Genus MACTRA. 


Key to the species. 
Shell ovate, the pallial smus shallow. 


Posterior end rounded _... m3 oes se AM eSCOrS. 

Posterior end attenuated ... ase Bee .. WW. scalpellum. 
Shell oval, the pallial sinus deep Soe oe .. MM. lavata. 
Shell trigonal, solid. 

Pallial sinus deep ... he aye He .. MW. equilatera. 

Pallial sinus shallow ee ie 2 sa MW. crassa: 


Macrra piscors, Gray, Voy. Erebus and Terror, Moll. pl. 1. fig. 4; Reeve, Conch. 
Tcon. fig. 17. 


Locality.—W anganui, Matapiro, Patea. 


Macrra scaueettum, Deshayes, Pro. Zool. Soc. 1854; Reeve, Conch. Icon. fig. 106. 


Locality.—Wanganui, Petane. 


Macrra tavata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 331. 
(Plate vim. fig. 81.) 


Shell oval, thin, inequilateral, smooth, rather compressed. Dorsal slopes 
nearly straight, the posterior much longer. Ventral margin rounded. Posterior 
end tapering, but not truncated nor angled. The whole shell with very fine 
concentric lines which are seen under a lens to be crossed by excessively minute 
radiating lines, giving a delicate granulated appearance. Right valve with two 
strong anterior, and two equally strong posterior lateral teeth ; short and high, 
the inner on each side being higher than the outer. Left valve with one lateral 
on each side, longer than those of the right valve. Length 23mm.; height 
19mm.; thickness 11 mi. 


Locality.— Petane. 
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Macrra #quitaTera, Deshayes, Pro. Zool. Soc. 1853; Voy. Erebus and Terror, Moll. 
pl. u. fig. 10 ; Reeve, Conch. Icon. fig. 14; 47. elegans, Hutton, Cat. Tertiary 
Moll. of N.Z. p. 19 (juv.). 


Locality.—W anganui, Petane. 


Macrra crassa, Hutton, Trans. N.Z. Inst. Vol. XVII. p 322. 
(Plate vit. fig. 82.) 

Shell trigonal, sometimes nearly as high as long, massive, inequilateral, 
rather rudely concentrically striated. Anterior dorsal margin straight, or slightly 
coneave ; posterior dorsal margin slightly convex, longer than the anterior 
margin, the posterior slope barely keeled ; ventral margin curved. Left valve 
with a single strong elongated lateral tooth on each side. Right valve (?). 
Pallial sinus very shallow and rounded. Length 40mm.; height 35mm. 


Locality.—W anganui. 
J g 


Genus STANDELLA. 
Key to the species. 
Shell oval, thick, compressed 
Shell ovate, thin, inflated ... S. ovata. 
Shell sub-orbicular, thin... hee et me ee Ss HUES: 


S. elongata. 


STANDELLA ELONGATA, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 518, 
pl. xxx. figs. 1, 2; Reeve, Conch. Icon. Wactra, fig. 43 ; M. notata, Hutton, 
Cat. Marine Moll. of N.Z. p. 64. 


Locality.—Wanganui, Petane. 


STaNDELLA ovara, Gray, in Dieffenbach’s “New Zealand,” IT. p. 251; Voy. Erebus and 
Terror, Moll. pl. u. fig. 2; Reeve, Conch. Icon. Mactra, fig. 30; MZ. inflata, 
Hutton, Cat. Tertiary Moll. of N.Z. p. 18. 


Locality.— Petane. 


SranDELLA RuDIS, Hutton, Cat. Tertiary Moll. of N.Z. p. 19. 
(Plate vin. fig. 83.) 

Shell sub-orbicular, thin, compressed and rather sinuated ; rudely concen- 
trically striated. Anterior side rather shorter, its dorsal margin straight. 
Posterior dorsal margin arched. Anterior lateral tooth of the left valve short 
and high. Lower margin irregular in outline. Pallial sinus deep, rather 
descending, rounded at the apex. Height 60mm. ; length 60mm. 


Locality.—W anganui, Patea. 
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Genus LUTRARIA. 


Lurraria sotipa, Hutton, Cat. Tertiary Moll. of N.Z. p. 19. 
(Plate 1x. fig. 84.) 


Shell elongato-oval, the height more than half the length, thick, rounded 
at both ends; irregularly concentrically grooved. Posterior dorsal margin 
straight ; ventral margin convex. Cartilage pit broad and shallow. Height 
63mm. ; length 115mm. 


Locality.—Wanganui, Petane, Matapiro. 


Genus CAUCELLA. 


Cacetia pusitta, Hutton, Cat. Marine Moll. of N.Z. p. 64 (Davina). 
(Plate 1x. fig. 85.) 

Shell oblong, compressed, rounded at each end, inequilateral, the posterior 
end shorter, dorsal margin obtusely angular; the exterior finely longitudinally 
striated. -Pallial sinus shallow. Cartilage pit directed slightly anteriorly ; 
eardinal tooth of left valve distinct, in the right valve confounded with the 
anterior lateral tooth. Length 27mm.; height 14mm. 


Locahty.—Matapiro, Patea. 
Genus ZENATIA. 


ZENATIA ACENACES, Quoy and Gaimard, Voy. Astrolabe, Zool. IIL. p. 545, pl. uxxxi. 
figs. 5, 6; Reeve. Conch. Icon. Latrarza, fig. 14. 


o 


Locahty.—Wanganui, Petane, Patea. 


Genus PAPHIA. 


Papuia (Mesopesma) nrozetanica, Chemnitz; Reeve, Conch. Icon. fig. 21. 


Locahty.— Wanganui, Petane, Matapiro. 


Paruia (Donacitta) spissa, Reeve, Conch. Icon. AZesodesma, fig. 18. 


Locality.—W anganui. 
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Genus PSAMMOBIA. 


PsaMMOBIA STANGERI, Gray, in Dieff. N.Z. II. p. 253; Reeve, Conch. Icon. fig. 12. 
Locality. —W anganui, Petane, Matapiro. 
PsamMosBIA LINEOLATA, Gray, in Yates’ N.Z. p. 309; Voy. Erebus and Terror, Moll. 
pl. 1. fig. 11 ; Reeve, Conch. Icon. fig. 58. 


Locahty.—Wanganui, Matapiro, Patea. 


Genus HIATULA. 


Hiarvta wcerra, Reeve, Conch. Icon. Soleteliina, fig. 13. 
Locality.—Matapiro. 
Genus TELLINA. 


Key to the species. 
1. Exterior smooth or nearly so. 


Shell oblong, slightly folded posteriorly — ... saa DP, GOD 
Shell ovate, strongly folded posteriorly — ... .. IL. glabrella. 


2. Exterior strongly concentrically striated. 
Shell sub-orbicular, anterior end shorter; strongly 


folded posteriorly T. disculus. 


Shell ovate, anterior end shorter ; not folded in Li stranger: 
Shell ovato-trigonal, anterior end longer ... .. I. angulata. 


TELLINA ALBA, Quoy and Gaimard, Voy. Astrolabe, Zool. IIT. p. 500, pl. uxxxt. 
figs. 1-3 ; Reeve, Conch. Icon. f. 180. 


Locality.— Wanganui. 


TELLINA GLABRELLA, Deshayes, Pro. Zool. Soc. 1854, p. 366; Voy. Erebus and Terror, 
Moll. pl. u. fig. 7; Reeve, Conch. Icon. fig. 296. 


Locality.— Wanganui. 


TELLINA piscuLus, Deshayes, Pro. Zool. Soe. 1854, p. 360; Reeve, Conch. Tcon. fig. 306- 


Locality.—W anganui, Petane, Matapiro. 
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TELLINA STRANGEI, Deshayes, Vro. Zool, Soc. 1854, p. 362; 7. subovata, Sowb. in 
Reeve’s Conch. Icon. fig. 160; 7. “ntea, Hutton, Cat. Marine Moll. of N.Z. 
p. 67; Z. retzarza, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 322. 


Locality.—W anganui, Petane. 


TELLINA ANGULATA, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 322. 
(Plate 1x. fig. 86.) 


Shell ovato-trigonal, compressed, inequilateral, anterior end longer, strongly 
concentrically laminated. Posterior end slightly truncated and with a well 
marked fold on the left valve. Anterior dorsal margin convex, the posterior 
slightly concave. Right valve with two cardinals, the anterior bifid. Left 
valve with two cardinals, the posterior bifid. Length 33mm.; height 21mm. 


Locality.—W anganui. 


Genus VENUS. 


Key to the species. 
A. Concentric ornamentation only. 
1. Laminee thin. 
Lamine distant; posterior truncated... V. yaéer. 
Lamine close ; posterior not truncated ... V’. oblonga. 
2. Laminee thick. 


Lamine 20 to 40... ace ae son A SMT. 
Lamine 40 to 50; shell compressed ... V. mesodesma. 
Laminz 40 to 50; shell swollen ... ... V. gtbbosa. 

B. Radiately ribbed and, usually, concentrically striated. 
Ribs about 100 or more... es ... V. meridionahs. 
Ribs about 40 as me SE .. V. stutchburyz. 


Venus yaTet, Gray in Dieff’s “New Zealand,” II p. 250; Voy. Erebus and Terror, 
Moll. pl. m1. fig. 11; Reeve, Conch. Icon. fig. 84. 


fo) 


Locahty.—Wanganui, Petane, Matapiro. 


y, 1: Reeve, Conch. 


Venus optonca, Hanley, Voy. Erebus and Terror, Moll. pl. u. fi 
Icon. fig 1. 


is] 


Locality.—W anganui, Petane, Matapiro. 
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Venus sutcata, Hutton, Trans. N.Z. Inst. Vol. VII. p. 458, pl. xx. 
(Plate rx. fig. 87.) 
Shell ovate, rather attenuated posteriorly; deeply and broadly concentrically 


grooved ; about 40 concentric laminz which are closer together near the ventral 
margin than near the umbo. Length 41mm.; height 35mm. 


Locahty.—Wanganui, Matapiro. 
Perhaps distinct from V’. se/cata, which is a Miocene species. 
VENUS MESODESMA, Quoy and Gaimard, Voy. Astrolabe, Zool. IIT. p. 532, pl. uxxx1v. 
figs. 17-18. 


Locality.—W anganui, Matapiro, Patea. 


Venus caipposa, Hutton, Cat. Tertiary Moll. of N.Z. p. 21. 
(Plate 1x. fig. 88.) 
Perhaps a gibbous variety of the last species. 


Locality. — Wanganui. 
Genus CYTHEREA. 


CYTHEREA MULTISTRIATA, Sowerby ; Reeve, Conch, Icon. Dzone, fig. 60. 


Locahty.— Wanganui, Petane. 


CyrHerea assimiLis, Hutton, Cat. Tertiary Moll. of N.Z. p. 21. (Chzone). 
(Plate rx. fig. 89.) 


Shell ovate, shghtly attenuated posteriorly, its dorsal margin arched ; 
anterior end rounded, its dorsal margin concave. Exterior finely concentrically 
striated, the striz higher and broader at the anterior end. Length 30mm.; 
height 23mm. 


Locality.—W anganui. 


Less elongated than C. mz(ltzstriata. 
L 
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Genus DOSINIA. 


Key to the species. 

Pallial sinus poimting below the anterior adductor 

impression ... As tats pee Spe ... LD. austrahs. 
Pallial sinus pointing at the middle of anterior adductor 

impression ... ate oe ae sas .. D2. subrosea. 
Pallal sinus pointing at the upper end of anterior 

adductor impression Ae oa bets . D. limbata. 
Pallial sinus pointing above anterior adductor impression D. gray. 


Dosinia austraLis, Gray, in Dieff. N.Z. II. p. 249; D. anus, Reeve, Conch. Icon. 
fig. 10. 
Locality. —Wanganui, Matapiro, Patea. 


Dosinta susrosEA, Gray, in Yates N.Z; Voy. Erebus and Terror, Moll. pl. mu. fig. 2; 
Reeve, Conch. Icon. fig. 19. 


Locahty.—Wanganui, Matapiro, Patea. 
Dosinia timsata, Gould, U.S. Expl. Expd. XII. p. 422, Atlas, fig. 538. 
Locality.— Wanganui. 


Dostyia Gray, Zittel, Reise der Novara, Paleontologie, p. 45, pl. xv. fig. 11. 
Locality.—Wanganui, Petane, Matapiro. 


Distinguished by the distance apart of the concentric lamine. 


Genus TAPES. 


TAPES INTERMEDIA, Quoy and Gaimard, Voy. Astrolabe, Zool. ITI. p. 526, pl. uxxxuv. 
figs. 9-10; Reeve, Conch. Icon. fig. 59. 


Locality.— Wanganui, Petane, Matapiro. 
Genus CARDIUM. 


Carpium srriatuLum, Sowerby, Pro. Zool. Soc. 1840; Reeve, Conch. Icon. fig. 60. 


Locality.—W anganui, Petane, Matapiro. 
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Genus CHA MOSTRd#A., 


Cuamostr@ma ALBipa, Lamarck ; Woodward, Man. Moll. pl. xx. fig. 14. 
Locality.—W anganui. 


Genus LUCINA. 


Lucina ornata, Reeve, Conch. Icon. fig. 48. 


Locality.—Wanganui, Petane, Matapiro, Patea. 


Genus LORIPES 


Lorirges concinna, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 323. 
(Plate 1x. fig. 90.) 

Shell small, sub-orbicular, the wnbos turned forward, truneated behind, 
compressed, regularly very finely concentrically grooved. Anterior dorsal 
margin hollowed under the umbo, then convex ; posterior dorsal margin slightly 
convex, descending suddenly near the posterior end; anterior end sometimes 
slightly undulated; ventral margin rounded. Lunule lanceolate. Anterior 
adductor impression elongated. Teeth—right valve, one cardinal, the posterior 
lateral obsolete ; left valve with two diverging cardinals, the laterals obsolete. 


Length 8mm. ; height 7mm. 


Locahty.— Wanganui, Petane. 


Genus MYSIA. 


Mysia NneozeLanica, Gray in Dieff. N.Z. I. p. 256; Voy. Erebus and Terror, Moll. 
pl. 11. fig. 8. 


Locality.—W anganui, Petane, Matapiro. 


Mysia ampia, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 323. 
(Plate 1x. fig. 91.) 


Shell sub-orbicular, thick, concentrically striated ; posterior dorsal margin 
slightly concave, the anterior slightly arched. Interior rough, slightly radiately 
striated, the adductor impressions and pallial line well marked. Hinge 
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moderate, left valve with two diverging cardinal teeth, the anterior of which is 


rrooved ; lateral teeth obsolete. Length 39mm. ; height 37mm. 


g 
Locality. — Wanganui. 


Larger, thicker, and more strongly striated than J/, neozelantca. 


Genus KELLIA. 


Keita rosusta, Hutton, Trans. N.Z. Inst. Vol. XVII. p: 323. 
(Plate 1x. fie. 92.) 


fo) 


Shell orbiculo-triangular, nearly as high as long, compressed, nearly equi- 
lateral, very delicately regularly concentrically striated. Anterior and posterior 
dorsal margins nearly straight, sub-equal, the anterior rather the steeper ; 
ventral margin and both ends rounded. Right valve with a lateral tooth on 
each side, both of which are nearly parallel to the margin. Anterior tooth 


stronger. Length 3mm. ; height 3mm. 


Locality.— Petane. 


Kewiia EFrosa, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 323. 
(Plate 1x. fig. 93.) 


Shell oblongo-triangular, nearly equilateral, rather swollen, rather coarsely, 
irregularly striated. Anterior dorsal margin rather concave, the posterior one 
rather convex ; ventral margin flattened ; the two ends rounded. Right valve 
with a lateral tooth on each side and a flattened concave portion in the centre ; 
posterior lateral sharp and nearly parallel to the margin ; the anterior thickened 
and curved inward, forming a deepish pit between it and the dorsal margin. 
Left valve with a lateral tooth on each side and a cardinal tooth in the centre, 


sloping backward. Length 3mm. ; height 2mm. 
Locality.— Petane. 
Genus VENERICARDIA. 


Key to the species. 
Shell longer than high. 
Ribs broader than the grooves... ae .. V. austrats. 
Ribs about equal to the grooves ... sie acu al7. CLOWUGLers: 
Shell as high as long... BAS ae ses ... V. patagonica 


Hurron—7ke Phocene Mollusca of New Zealand. 85 
VENERICARDIA AUSTRALIS, Lamarck ; Quoy and Gaimard, Voy. Astrolabe, Zool. IIT. 
p. 480, pl. yxxvur. figs. 11-14 ; Cardrta tridentata, Reeve, Conch. Icon. fig. 22. 


Localtty.—Wanganui, Petane, Matapiro. 


VENERICARDIA DIFFICILIS, Deshayes, Pro. Zool. Soc. 1852, p. 103, pl. xvu. figs. 16, 17. 


Locality.—Wanganui, Petane, Matapiro. 


VENERICARDIA PATAGONICA, Sowerby in Darwin’s Geol. Obs. in 8S. America, p. 251, 
pl. u. fig. 17. 


Locality. —Petane, Matapiro. 


Genus MYTILICARDIA. 


Myrinicarpia Tasmanica, Tenison-Woods, Pro. Roy. Soc. Tas. 1875, p. 161. 


Locality. —W anganui. 


Myriicarpia rriconorsis, Hutton, Trans. N.Z. Inst. Vol. XVIT. p. 324. 
(Plate rx. fig. 94.) 


Shell small, higher than long, strongly radiately ribbed. Ribs ten, nodular, 
the interstices strongly concentrically striated, anterior margin straight, long ; 
posterior dorsal margin short, straight, then suddenly bent down ; ventral margin 
regularly curved. Length 3mm. ; height 4mm. 


Locality.—Wanganui, Petane. 


Genus NUCULA. 


Nucuna nirwuia, Adams, Pro. Zool. Soc. 1856, p. 51; Reeve, Conch. Icon. fig. 27. 


Locality.— Wanganui, Petane. 


Genus LEDA. 


Key to the species. 
Length nearly three times the height ... Se 39 L. cOncinna: 
Length less than twice the height wk: 324 . L. fastidvosa. 


86 Macteay Memoria Vouume. 
Lepa concinna, Adams, Pro. Zool. Soc. 1856, p. 48; Reeve, Conch. Icon. fig. 15. 
Locality.—W anganui. 
Lepa rastipiosa, Adams, Pro. Zool. Soc. 1856, p. 49; Reeve, Conch. Icon. fig. 31 ; 
L. semiteres, Hutton, Trans. N.Z. Inst. Vol. IX. p. 598. 


Locality.—Petane. 
Genus SOLENELLA. 


SoLENELLA AUSTRALIS, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 471, 
pl. uxxvm1. figs. 5-10; Reeve, Conch. Icon. fiz, 4; Voy. Erebus and Terror, 
Moll. pl. 1. fig. 13. 


Locality.—Petane. 
Genus ARCA. 


Arca pgcussata, Sowerby, Pro. Zool. Soc. 1833, p. 18; Reeve, Conch. Icon. fig. 81. 


Locality.— Wanganui, Petane. 
Genus POROLEDA. 
This is a genus lately formed by Professor R. Tate. 


Porotepa Lanceoiata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 332 (Scaphula *) 


Shell small, thin, compressed, smooth, much elongated, not keeled behind, 
very inequilateral. Anterior portion short, rounded. Posterior portion elon- 
gated, gradually tapering, truncated at the end. Posterior dorsal margin straight. 
Hinge line straight posteriorly, curved anteriorly, edentulous in the centre. 
Eight anterior and eleven posterior teeth, all nearly parallel to the hinge line. 
The three or four most anterior teeth are short, all the rest are elongated. 
From the umbo a narrow concave cartilage pit slopes very obliquely backwards 
and divides the two sets of teeth. Length 18mm. ; height 6mm. 


Described from a right valve only. 
Locality.—Petane. 
Genus PECTUNCULUS. 


Percruncunus Laticostatus, Quoy and Gaimard, Voy. Astrolabe, Zool. III. p. 466. 
pl. txxvu. figs. 4-6 ; Reeve, Conch. Icon. fig. 8. 


Locality.—Wanganui, Petane, Matapiro, Patea. 
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Percruncu.vs STRIATULARIS, Lamarck; Reeve, Conch. Icon. fie. 27. 


co) 


Locality.—Wanganui, Petane, Matapiro. 


Genus MYTILUS. 


Myrinus maGELianicus, Lamarck ; Reeve, Conch. Icon. fig. 22. 


Locality.—Wanganui, Petane. 


Myrtiuus Larus, Chemnitz; Reeve, Conch. Icon. figs. 12-24. 


Locality.—Wanganui, Petane, Matapiro. 


Genus MODIOLA. 


os 


Mopro.a AvustRALis, Gray in King’s Voyage, II. p. 477 ; Reeve, Conch. Icon. fig. 21. 


Locahity.—Wanganui, Matapiro. 


Genus CRENELLA. 


. 


CrENELLA Impacta, Hermann ; Reeve, Conch. Icon. tig. 64. 


Locality.—Wanganui, Petane. 
Genus LITHODOMUS. 


Lirnopomes striatus, Hutton, Cat. Tertiary Moll. of N.Z. p. 26; Hector, Outlines 
of the Geology of N.Z. p. 48, fig. 4. 


Elongato-oblong, umbones anterior, inflated in front and compressed behind; 


posterior end very finely radiately striated. Length 66mm; height 20mm. 
* 
Locality.— Wanganui. 


Genus PERNA. 


A large species occurs at Petane and Matapiro, but I have only seen 
fragments too imperfect for description. 
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Genus PINNA. 


Pinna NEozELANiIcA, Gray, in Dieff. N.Z. II. p. 259; Voy. Erebus and Terror, Moll. 
pl. 11. fig. 7; Reeve, Conch. Icon. fig. 13. 


Locality.— Wanganui, Petane, Matapiro. 


Genus LIMA. 
Lima ngozeLanica, Sowerby, Pro. Zool. Soc. 1876, p. 754, pl. uxxv. fig. 1. 
Locality.—W anganui. 


Lima (Manretiium) ancuLtata, Sowerby ; Reeve, Conch. Icon. fig. 13. 


Locahty.— Wanganui. 


Lima (Limatuta) suttara, Born; Sowerby, Thes. Conch. I. pl. xx. fig. 33. 
Locahity.— Wanganui, Petane. 
Genus PECTEN. 


Key to the species. 
A. Valves not plicated. 


Ribs 11 to 15; left valve concave oh ... LP. laticostatus. 
Ribs 20 to 25, grooved ... — oe .. LP. triphooke. 
Ribs 20 to 60, rough... te 500 .. LP. neozelanica. 
Ribs about 80, rough —... sie 560 se0 araaraius: 

B. Valves plicated as well as ribbed. 
Plications near the umbo only ... a .. LP. semiplicatus. 
Plications extend to the margin... ans .. P. convexus. 


Prcren (Vota) taticostatus, Gray, in Dieff N.Z. Il. p. 260; P. nove-zealandie, 
Reeve, Conch. Icon. fig. 36. 


Locahity.—Wanganui, Petane. 


Pacren TrrpHookt, Zittel, Reise der Novara, Palontologie, p. 52, pl. x1. fig. 4. 


Locality.—Moteo. Fragments only. 
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Prcren neozenanica, Gray, in Dieft. N.Z. II. p. 260; Voy. Erebus and Terror, Moll. 
pl. um. fig. 7; P. dieffenbachiz, Reeve, Conch. Icon. fig. 88. 


Locality.—Wanganui, Petane, Matapiro. 
Pecren rapiatus, Hutton, Cat. Marine Moll. of N.Z. p. 82. 


Shell orbicular, equivalve, compressed, with about 80 equal, rough radiating 
) EN ? i 5 5 
striz ; thin, margin crenulated ; ears unequal. Length 43mm. ; height 45mm. 


Locality.—Wanganui, Petane. 


PercTEN semrpLicatus, Hutton, Cat. Tertiary Moll. of N.Z. p. 30. 

Shell sub-orbicular, compressed ; with 5 or 6 plications near the umbo, 
@ ribs ; the 
t 


whole finely, but rather strongly concentrically striated. Height about 65-70mm. 


which disappear before reaching the margin; and numerous radiatin 


Locality.—Napier. 


PECTEN CONVEXUs, Quoy and Gaimard, Voy. Astrolabe, Zool. IIT. p. 443, pl. uxxvr. 
figs. 1-3; P. voseo-punctatus, Reeve, Conch. Icon. fig. 84. 


Locality.—Wanganui, Petane, Matapiro. 


Genus ANOMIA. 


Key to the species. 


Shell thick ; only two muscular impressions of ... A. stowel. 
Shell thin, smooth ... ee Ss ne ir ... A. alectus. 
Shell thin, undulated st aie at ae ... A. undata. 


Ayomia stoweE!, Hutton, Cat. Marine Moll. of N.Z. p. 83. 


Shell sub-orbicular, solid, the lower valve smooth, notch large, ovate, the 
anterior lobe widely separated from the cardinal edge. Muscular impressions two 
only, the upper one large, broadly ovate or sub-orbicular, the lower one sub- 
orbicular, much smaller and placed on the posterior lower edge of the upper, and 
confluent with it. Diameter 90mm. 


Locality.—Petane, Matapiro. Fragments only. 
M 
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Anomia atectus, Gray, Pro. Zool. Soe. 1849, p. 117. 


Shell thin. Muscular impressions three; the upper larger and_ sub- 
orbicular ; the two lower scars close together but not confluent, about equal in 
size. Diameter about 45mm. 


Locality.— Wanganui, Petane. 


Ayomta unpata, Hutton, Trans. N.Z. Inst. Vol. XVII. p. 324. 
(Plate 1x. fig. 95.) 


Shell broadly oval, transverse. Upper or left valve thin, rather inflated, 
the surface gently, rather regularly waved; the undulations taking different 
directions on different shells, but more or less parallel on the same individual. 
Muscular impressions three, confluent, forming a long oval mark sloping from 
before the umbo to the centre of the shell; the upper one the largest, the other 


two sub-equal. Length 21mm. ; breadth 17mm. 
Locahity.—Petane. 
Genus OSTREA. 


OsrreEA EDULIS, Linné; Reeve, Conch. Icon. fig. 8. 
Locality.—Wanganui, Petane, Matapiro. 
OsrreaA corrucaTa, Hutton, Cat. Tertiary Moll. of N.Z. p. 35; Hector, Outlines of 
Geol. of N.Z. p. 51, fig. 2. 


Shell ovate, irregular, attached by the left valve. Left valve convex, 
radiately ribbed, the ribs crossed by concentric, undulating, imbricating lamine. 
Right valve flat, irregular, smooth, with concentric imbricating laminar plates 


round the margin. Length 65mm. ; height 75mm. 


Locahty.— Wanganui. Rare. 
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EXPLANATION 


Fig. 1.—Tornuatella sulcata ( x 3). ; 
2.— “i alba ( x 3). 


3.—Murex espinosus ( x 2). 


4.—Trophon cheesemani ( x 3). 


5— 4, expansus ( x 2). 
6.— ,, plebevus (x3). 
C— 5 duodecimus ( x 3). 
8.— ., crispus (x3). 


9.— Fusus spiralis (nat. size). 


10.—Taron dubius (x 3). 


PLATE VI. 
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OF PLATES. 


Fig. 15.—Ancei/laria lata ( x 2). 


11.—Siphonalia nodosa, var. conoidea (nat. size). 


12.--Pisania striatula ( x 2). 
13s) arewen (x3): 


14.—Cominella accuminata (nat. size). 


16..—Columbella varians (x 3). 
17.— ., 
18.— 


pisaniopsis (x 4). 
5 cancellaria ( x 3). 
19.—Turricula rabiginosa ( x 4). 
20.—Terebra costata ( x 3). 


21.—Pleurotoma pagoda ( x 4). 


22.— % albula ( x 4). 

23.— nexilis ( x 10). 

24.— 5 cheesemani ( x 2). 
25.— 33 protensa ( x 5). 

26-— 5 buchanani (x 2). 

tT — 2 plicatella ( x 2). 

28. % wanganwiensis (x 4). 


Fig. 29.—Plenrotoma tuberculata ( x 2). 


Fig. 30.—Plewrotoma wequistriata ( x 2). 


3— - alabaster ( x 3). 
32.— 9 levis ( x 4). 
33.—Daphnella striata ( x 2). 
34.— " lacunosa ( x 10). 
35.—Clathurella hamiltoni ( x 3). 
36.— ey abnormis ( x 6). 
37.— es dictyota (x 6). 
38.—Natica australis ( x 3). 
ee LEE2t034 (Ex) 


40.— ,, 
41.—Sigaretus wndulatus ( x 2). 
42.-— Hulima treadwelli ( x 10). 
43.— ,, media (x10). 


44,—Turbonilla neozelanica ( x 6). 


ovata (x 2). 


PLATE VIL. 


Fig. 45.—Hulimella deplexa ( x 10). 


46.-— 3 obliqua ( x 10). 
47. —Aclis costellata ( x 20). 


48.—Odostomia lactea ( x 6). 


49 — Ph georgiana ( x 2). 
50.— x Sasciata ( x 10). 
51.— s rugata ( x 10). 
52.—Cancellaria trailli ( x 6). 
53.— 9 lacumosa ( x 2). 


54.—Admele ambiqua (x 10). 
55.—Cerithium cancellatum ( x 4). 


56.—Bittium terebelloides ( x 6). 


ipa mCIEC LILI (x10) 


58.—Calyptrea inflata (nat. size). 


59.— re alta (nat. size). 
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PLATE Vu. 


Fig. 60.—Turritella tricineta ( x 3). Fig. 67.—Rissoa annulata (x 10). 
61.— 1 bierneta ( x 2). 68.— ,, emarginata (x 10). 
62.—Lglisia planostoma ( x 10). 69.— ,,  semisulcata ( x 15). 
63.—Rissoa rugulosa( x 5). 70.—Vermetus moniliferus ( x 2). 
64.— ,,  «impressa (x 10). 71.—Scalaria nympha ( x 10). 
65.— ,, gradata (x 10). 72.— 4,  corulum ( x 20). 
66.— ,, rugosa (x 10). 73.—Trochus conicus (nat. size). 


Fig. 74.—V'rochus chathamensis : a. Upper view ; 6. side view ; c. lower view ( x 2). 
75.—Calhostoma ponderosum (nat. size). 
76. 


77.—Dentalium conicum ( x 2). 





Megatebennus moniliferus : a. Upper view ; 6. lower view (nat. size). 


18.— FA nanum (x 2). 

79.— 5 ecostatum (x 3). 

80.—[ Vide PuatE 1x.] 

81.— Mactra lavata: a. Outer view ; b. inner view ( x 2). 
82.— ,, crassa: a. Outer view ; b. inner view (nat. size). 


83.—Standella rudis: a. Outer view ; 6. inner view (nat. size). 


PLATE Ix. 


Fig. 80.—Thracia vitrea ; a. Outer view ; 6. inner view ( x 2). 


84.—Lutraria solida: a, Outer view ; 6. inner view (nat. size). 
85.—Cecella pusilla : a. Outer view ; 6. inner view ( x 2). 
86.—Tellina angulata : a. Outer view ; 6. inner view ( x 2). 
87.— Venus sulcata : a. Outer view ; b. inner view (nat. size). 
88.— ,, gibbosa. a. Outer view ; 0. inner view ( x 2). 
89.—Cytherea assimilis : a. Outer view ; 6. inner view (nat. size). 
£0,—Loripes concinna: a.Outer view ; 6. inner view ( x 4). 
91.—Mysia ampla: a. Outer view ; b. inner view (nat. size). 
92.—Kellia robusta ; a. Outer view ; 6. inner view (x 5). 

93.— ,, effosa. a. Outer view ; b. inner view (x 8). 
94.—WMytilicardia trigonopsis : a. Outer view ; b. inner view ( x 6). 


95.—Anomia wndata. a. Outer view ; b. inner view (x 2). 





CORRIGENDA. 


Page 46, line 9—add xu. fig. 24. 
Page 72, last line but one—/or figs. 28-38, read figs. 78-83. 
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I.—Iyrropuctory. 


The receipt last year from Dr. von Jhering, of Brazil, through Mr. Chas. 
Chilton, of Port Chalmers, New Zealand, of a new form of the remarkable genus 
Temnocephala re-directed my attention to that subject, and I have made the study of 
the new form the occasion for a revision of the morphology of the whole group. 
The examination of new forms and of better specimens of the species previously 
described has led to the observation of a number of new points, some of which seem 
to me of considerable interest and importance. In the present communication I give 
an account of all that is known of the family, incorporating the results of more 
recent observations with such as have already been published,—illustrating by figures, 
however, only such features as have not been already represented, or have not been 
represented in a sufficient manner. 


I take the opportunity of expressing my thanks to Dr. A. Dendy, Professor 
Baldwin Spencer, Mr. Chas. Chilton, Professor T. Jeffery Parker, Sir James Hector, 
and Mr. Alex. Morton for supplies of specimens of various species. To Professor 
Spencer I am particularly indebted for specimens of the Gippsland burrowing 
crayfish (Exgeus fossor), with the Temnocephala that lives on its surface. 


Since I published a paper on Zemnocephala* there has appeared an important 
contribution to the subject from Professor Max Weber of Amsterdam,t and to this I 
shall have frequent occasion to refer in the following pages. In 1888 was published 
a valuable summary of our knowledge of the Trematodes under the title “Saggio di 
una Morfologia dei Trematodi,” by Dr. Fr. Sav. Monticelli of Naples; and the same 
author has also published two short papers—one entitled “Di una nuova specie del 
genere Temnocephala, Blanch., ectoparassita dei Cheloniani” and the other ‘“ Breve 
nota sulle uova e sugli embrioni della Temmnocephala chilensts” (‘ Att. Soc. Ital. di 
scienze naturali,’ Vol. XX XII.). The most important general work on the ecto- 
parasitic Trematodes that has appeared of late years is the part of the “ Wiirmer” of 
Bronn’s “ Klassen und Ordnungen des Thier-reichs,” by M. Braun, dealing with that 
group. This has been of very great assistance to me, especially in the absence of 
some of the original papers, such as Taschenberg’s. G. Brandes has recorded various 
observations on the minute structure of Zemnocephala brevicornis from Brazilf; and 


* «Quart. Journ, Micro, Sci.’ Vol. XXVIII. (1888), pp. 279-302, pls. xx.-xx1. 
+ ** Ueber Temnocephala, Blanchard,” ‘ Zoologische Ergebnisse einer Reise.’ etc. 
+ “Zum feineren Bau der Trématoden,” ‘ Zeitschr. f. wiss. Zool.’ LIII. p. 558 (1892). 
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A. Vayssiere* describes a new form found on the surface of the Madagascar fresh-water 


crayfish. 


This remarkable group now proves to be of comparatively wide distribution, and 
to inhabit the surface of a considerable variety of animals. It has now been found in 
Chili, Brazil, New Zealand, Australia, Tasmania, Borneo, Celebes, the Philippines, 
Madagascar, and perhaps India. The various species infest the outer surface, and in 
one or two cases the branchial chambers, of fresh-water Crustaceans (both J/acroura 
and Brachyura) and fresh-water Chelonians, and the branchial chamber of a Mollusc 


(Ampullaria ). 


That the position of Zemmnocephala in the system is not to be regarded as a 
settled one is evidenced by the view of the matter taken by Braun in the general 
work on the ectoparasitic Trematodes above referred to. He says (Zc. p. 520), 
“Temnocephala bietet allerdings eine Reihe von Besonderkeiten dar und die Frage 
ist trotz der Arbeiten von Haswell und Weber gerechtfertigt, ob Temnocephala ein 
Trematode ist.” Further on (p. 521), after quoting von Graff’s definition of the 
Turbellaria, he remarks, “Wenn man von der letzten Bemerkung iiber die Lebens- 
weise, die keinen systematischen Werth besitzt, absieht, so bleibt als einziger 
Unterschied zwischen Turbellarien und Trematoden das fiir erstere characteristische 
Flimmerepithel der Haut mit Stiibchen oder Nesselorganen bestehen.” 


My renewed study of Tesnocephala having resulted in the discovery of cilia on 
the surface of certain of the species, and having led to the conclusion that ‘“Stibchen” 
exactly like those of Rhabdoccele Turbellarians are present in abundance, the line of 
demarcation seems still harder to draw. Zemmnocephala has no near allies in either 
camp; but in some features of its organisation it nearly resembles some of the 
Monogenetic Trematodes, while in others the connection with some of the Rhabdocwla 
is extremely close. With the evidence now before me, it appears to me that the 
Temnocephalee, though it cannot be said that they seem to lie in a direct line between 
the two groups, yet unite in such an equal degree the characters of the Monogenetic 
Trematodes and Rhabdoccela that they may almost indifferently be ranked with 
either. This question is discussed more fully in the sequel. 


II.—GeneraL Exrrernan CHARACTERISTICS. 


Monticelli’s and Braun’s comparison of Zemnocephala to a minute Cephalopod is 
very happy. The light-coloured, more slender kinds, such as 7. wzxor, are, when 


* “Etude sur le Temnocephala, parasite de l’Astacoides Madagascariensis.” ‘Annales de la Faculté des Sciences dle 
Marseille,’ Tome II. fase. v. (1892). 
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extended, extremely like /7ydve, for which they have been again and again mistaken. 
The body of Zemnocephala is strongly compressed dorso-ventrally, the dorsal surface 
being convex, the ventral flat or concave. The outline, when the animal is looked at 
from above, varies considerably in accordance with the extent to which the body is 
extended or contracted, and differs also to some degree in the different species : it may 
generally be described as oval or pyriform. The anterior end is provided with a series 
of usually five, sometimes four, sometimes six, in one species twelve, highly extensile 
slender tentacles, which are nearly cylindrical, but a little compressed in the dorso- 
ventral direction, tapering distally. In 7. guadricornis, in which there are only four 
of these tentacles, there is in the middle line a short broad flattened lobe with a 
convex anterior border.* In 7. fasczata, T. minor, T. Dendyt, T. Jheringi, T. 
Sempert, and 7. Chilensis there are five equal tentacles; in 7: Move-zealandiet and 
T. comes there are six. Along the lateral border, from the base of the most external 
tentacle backwards, there runs in some of the species a narrow fold.{ On the ventral 
surface close to the posterior end is a single large, circular sucker, which in some 
forms is more, in others less, distinctly radiated. In front of the anterior edge of 
this is a median opening in the form of a small transverse slit—the common genital 
opening. Further forward, on the same surface, some little distance behind the bases 
of the tentacles, is a larger slit-like aperture—the opening of the mouth. On the 
dorsal surface are a pair of eyes, situated near one another, a little in front of the 
transverse plane in which the mouth lies. At the sides, not far from the lateral 
margins, and nearly in the same transverse plane as the eyes, are the small pores 
which form the external openings of the excretory system. 


Though nearly related to 7emnocephala as regards most essential points in its 
internal structure, Craspedella (Pl. xv. fig. 3) differs somewhat in general shape from 
the members of that genus. There are five anterior tentacles similar to those of 
Temnocephala, but with relatively large papille ; and there is a large posterior sucker. 
But the posterior portion of the body is provided in addition with a remarkable 


series of papillose frmges and processes. 


T. fasciata, T. quadricornis, and 7. Nove-zealandie are richly pigmented, 
especially on the dorsal surface. 7. mznor has a pigment-network which gives the 
animal a greyish colour to the naked eye; 7. Semfer7 is only exceptionally pigmented; 
IT. Dendyt, T. comes, and the remainder are devoid of pigment, or possess only a few 


scattered granules. 


* See my former paper quoted above, Pl. xx. fig. 3. 
+ Erroneously stated to be five, /.c. p. 284. 


t Braun (p. 409), misinterpreting my mention of this fold, refers to it as membrane-like appendages, a phrase which 
conveys an exaggerated impression, 


. 
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TI1.—Disrrisution, Foop, Movements, &c. 


Members of this family have been found in South America, both in Chili (Gay) 
and Brazil (Jhering), in Australia and Tasmania (Haswell), in New Zealand (Wood- 
Mason), in Sumatra, Java, and Celebes (M. Weber), in the Philippines (Semper), in 
Madagascar (Vayssiére) and in North-Eastern India (Wood-Mason). The Chilan 
form was found on the surface of a species of Aeg/ea, the Australian and Tasmanian 
species on fresh-water crayfishes of the genus Astacopsis, the New Zealand species 
on fresh-water crayfishes of the genus Paranephrops. In the Philippines, Java, 
Sumatra, and Celebes, they oceur on species of Zedphusa. The Indian form was 
found by Wood-Mason in bottles containing spirit-specimens of fishes to which they 
may originally have been attached. One Brazilian species was found on the shell of 
a fresh-water tortoise; the other was found as noted above, by Jhering in the branchial 
cavity of a species of Ampullaria. Craspedella Spenceri inhabits the branchial cavities 


of Astacopsis bicarinatus. 


All, with the exception of the last two, live under ordinary circumstances on the 
outer surface of the animal which they select as their host.* Each species seems to 
be quite constant, so far as our knowledge at present extends, in its relation to a 
particular animal ; and it very rarely happens that a Zemnocephala is to be found 
under natural conditions not attached to its host.t But those forms with which 
I have had the opportunity of experimenting are able to live for a very long time— 
it might be almost said indefinitely—after removal from the surface of their host ; and 
Max Weber made the same observation with regard to his 7. Senzperz. 


When undisturbed the Zemnocephal@ (and the same holds good of Crasfedella ), 
adhering by means of their sucker, either remain with the tentacles more or less 
contracted and the ventral surface in close contact with the surface to which the 
sucker is attached, or the body is raised and the tentacles stretched out widely. 
They move along very much after the fashion of a leech, the place of an anterior 
sucker being taken by the tentacles; and they show an amount of alertness and 
sensitiveness not usual among members of their class.{ When an attempt is made to 


* Temnocephala Engei sometimes occurs in the branchial chambers ; and 7’. Dendy? is very frequently found in the 
same position. 

+ Chilton has given an account (Trans. N.Z. Institute, Vol. XXI. p. 252) of his having kept specimens of 7. Vore- 
zealandie alive for months detached from their hosts; and he has informed me that he has found specimens of the same 
species attached to boulders in a New Zealand stream. 

; FE Sphyranura Osleri, as described by Wright and Macallum, appears to be the only Trematode that approaches 
Temnocephala in this respect. 

A remarkable phenomenon is sometimes to be observed when Temnocephalw are placed in very shallow water in a 
vessel. With the sucker adhering to the bottom, one of them is occasionally observed to stretch out the tentacles and 
apply their ventral adhesive faces to the surface of the water, and thus, using the tension of the surface layer as a point 
@appui, the body is drawn up to the surface of the water and the sucker applied to the latter, the animal ‘‘ looping 
along as if on the surface of a solid body. 


is) 
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remove them from the surface to which they are clinging, they are able, by flattening 
themselves down, and exercising all the adhesive power of the sucker and tentacles, 
to resist a considerable amount of force. If forcibly separated from their host and 
allowed to fall towards the bottom of the water, they twist and writhe themselves 
about during their passage downwards, so that they often succeed in laying hold of 
some prominent part of their host’s body and reinstating themselves on its surface. 


As regards the nature of their food, the Temmnocephale differ widely from the 
Trematodes. For the most part they live on small Lxtomostraca and Insect-larve, 
as well as Rotifers, all of which they swallow whole. The prey is seized and thrust 
into the mouth by means of the tentacles. Sometimes the animal is found in the act 
of making a vain endeavour to swallow an Entomostracan nearly as long as itself. 
Whole small animals of such sorts have been found by myself in the intestine of 
T. fasciata, T. minor, T. Dendyi, T. quadricornis, and 7. Nove-zealandie, and by 
Max Weber in 7. Sempert, sometimes accompanied by numerous diatoms and 
unicellular alge. In 7. Dendy? I have in one instance found an entire and quite 
unaltered smaller individual in the alimentary canal of a larger one, and in several 
instances in 7. Nove-zealandie I have found the chitinous parts (cirrus and vaginal 
teeth) of one in the intestine of another, the soft parts having apparently been 
digested. But in some specimens of 7. fasczata I have observed that, when the 
crayfish host carried eggs, the alimentary canal was full of red matter resembling the 
yolk, and though it is unlikely that the Trematodes are able to break into the 
eggs (which are far too large for them to swallow whole), yet it would seem as if 
they swallowed the contents of such of them as became accidentally bruised. In 
the case of 7. comes the intestine either contained a reddish granular matter of this 
kind, or a quantity of mud with sand-grains, diatom-valves, etc., and the remains of 
Arthropods were never observed. 


In Craspedella Spencert 1 have only found various unicellular organisms ; in four 
or five instances a number of large green unicellular organisms, which could not be 
identified, but which looked like Euglene. Craspedella is not adapted, owing to the 
absence of the muscular pharynx, to preying on the relatively large living animals 
that form the food of Zemnocephala. 


IT V.—THE INTEGUMENT. 


The most noteworthy feature of the integument in 7emnocephala is the presence, 
in the adult state, in two species at least, of a coating of vibratile cilia. It is quite 
possible—though it does not seem likely—that a careful re-examination of some of 
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the other monogenetic forms may lead to a similar discovery with regard to them, 
and thus the distinction in this respect between the Trematodes and the 7urdellaria, 
usually supposed to be absolute, may be broken down. But, so far as our present 
information goes, 7emnocephala occupies in this respect, as in certain others, a quite 
unique position if it be regarded as a Trematode. When I published the previous 
paper already referred to, I had entirely overlooked this remarkable fact, owing to 
my having at my command only spirit-specimens of the species ( 7. mezzo) in which 
the structures in question are best developed. In this species the cilia are most 
numerous and active immediately behind the tentacles ; but in many individuals are 
present in more scattered fashion over the rest of the surface, with the exception of 
the tentacles and the sucker, on which they never occur. In 7. Dendy7 they are less 
numerous than in 7. mzxov, and I have only hitherto succeeded in detecting their 
presence in that species towards the lateral border of the body on the dorsal aspect 
just behind the bases of the tentacles, from which point they extend backwards a 
considerable distance beyond the excretory sac, though never as far as the middle of 
the body. Where they occur they stand in marked contrast to the non-motile cilia 
of the tactile cones about to be described—being curved, highly flexible and whip- 
like; they are intermediate in character between ordinary cilia and the flagella 
(Geisseln) that occasionally occur here and there on the surface of a Rhabdoceele 
Turbellarian. They do not oceur in 7: fasczata nor in 7. Nove-zealandi@ at any 
stage. Both Semper and Weber state that they are absent in 7. Sempert. 


A second set of integumentary structures, previously overlooked by me and not 
noticed by Weber or Braun, seem to be universally present. These are minute 
elevations in the form of truncated cones (005mm. in height in 7. fasczata) which 
occur abundantly on the anterior part of the body and on the tentacles (Pl. x. fig. 1, 
¢.c.); each has at its summit a little fasciculus of non-motile cilia. In all probability 
these are integumentary sense-organs, and, though I have not completely traced 
a direct connection with nerve-fibres, it would seem likely that they form the 
end-organs of the extremely complex subcutaneous nerve-plexus, since numbers of 
nerve-fibres are given off from the transverse branches of the dorsal nerves and run 
straight through the layer of longitudinal muscular fibres towards the epidermis. 
Sunilar structures, differing somewhat in shape, have been described by Wright and 
Macallum* as occurring in Sphyranura Oslerd, and have been named by them the 
‘tactile cones.” 


The integument in 7enocephala and Craspedella is wnique among Trematodes 
in consisting of three well-defined layers, which may be termed cuticle, epidermis, 
and basement membrane. The caézc/e (Pl. x. figs. 1, 2, 7 and 8, cz.) is readily discernible 


2 * «Sphyranura Osleri: a Contribution to American Helminthology.” ‘Journ. of Morphology,’ Vol. I. p. 9, pl. 1. 
g. 2. 
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in the living animal as a clear layer superficial to the epidermis; it varies considerably 
in thickness in the different species: the thickness is greatest—'004mm. in 7. fasciata; 
in Z. comes, T. Dendyt and 7. Nove-zealandi@ it is nearly as great ; in 7. mznor it is 
much more delicate and considerably thinner than the epidermis, the thickness of the 
entire integument (including cuticle, epidermis and basement membrane) in this 
species being only ‘006 to ‘008mm. In 7. /eringzz it is still thinner—-003mm. In 
all the species it and the other layers are much thinner on the tentacles and the 
suckers than elsewhere. It is of homogeneous character, but perforated by the 
openings of numerous pore-canals continuous with those of the underlying layers. 
Its surface, in the case of 7. fasceata and 7. comes, is thrown into numerous regular 
minute ruge, which, however, are probably not present when the animal is fully 
extended. In sections of specimens that have been well fixed and hardened its outer 
surface appears, in the case of some species, to be covered with minute blunt papille 
(PI. x. fig. 6), between the bases of which are the apertures of the pore-canals; these 
papillze do not occur in all the species; I have observed them in the case of 7. 
fasciata, T. comes and 7. Nove-zealandie ; they are absent in 7. minor and T. 
Dendy. 


Below the cuticle is a distinct nucleated protoplasmic layer or epidermis (PI. x. 
figs. 1-8, ef. and PI. xiv. fig. 4, e.). Weber describes this as a layer of cells of 
cubical form, but varying somewhat in shape with the state of contraction or 
extension of the part, with indistinct, or altogether without, cell-outlines.* I have 
never been able to see any trace of cell-outlines, though I have examined preparations 
treated by every method likely to be favourable to their detection if present 
(impregnation with nitrate of silver among the number); and I therefore prefer to 
adhere to the view that, though this epidermal layer is developed from a layer of 
rounded cells, yet in the adult condition we have to do with a complete syncytium, 
and not with a layer of cells as such.t 


In all the species examined this epidermal layer is striated in a vertical or slightly 
oblique direction. Many of the lines or striz are produced by the pore-canals, the 
openings of which are to be observed on the surface of the cuticle ; but they seem to 
be too numerous to be all capable of being accounted for in this way; and there is 
some sort of vertical fibrillation of the protoplasm as well, due apparently to the 
presence of closely-set slender columns similar to those described by Béhmig as 
occurring in the epidermal cells of Rhabdocceles. This marking is particularly 
distinct in 7. guadricornis (see Pl. xiv. fig. 4). In many sections the pore-canals are 
distinctly to be seen as vertical channels running through the epidermis, sometimes 
very narrow, sometimes comparatively wide. In tangential sections (Pl. x. fig. 4) it 


* Weber, /.c. p. 5. 
+ Braun (/.c. p. 422) comes to the same conclusion as regards the absence of cell-outlines. 
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is seen that these channels communicate in such a way as to form a network through 
the protoplasm of the epidermal cells. They are frequently dilated into rounded 
spaces, which vary considerably in size under different conditions. In specimens 
fixed with osmic acid, they are never very wide; they are wider in sections of 
specimens fixed with Flemming’s solution and still more dilated in specimens fixed 
with picrosulphuric acid and afterwards subjected to maceration. They are distinct, 
though not large, in sections of specimens fixed with picrosulphuric acid and with 
corrosive sublimate and acetic acid. Those spaces, which are without doubt the 
same as the ‘“ wasser-klare Riiume,” the existence of which in the epidermis of 
the Turbellaria has long been known and frequently been referred to, occur towards 
the outer ends of the canals. Max Schultze’s* and Bohmig’st account of these spaces 
in the Turbellaria would, in fact, very well apply to the case of Temmnocephala. They 
were overlooked by me when I wrote my previous paper on this subject; and to 
Brandes{ is due the credit of first publishing an account of them in 7emnocephala. 
As they are discernible in specimens prepared by so many methods, they are probably 
present in the living condition of the animal; but I am disposed to think that 
whenever they appear of any considerable size in preserved specimens it is owing to 
the action of re-agents. Such spaces are not distinguishable in the living unaltered 
state ; but when a little acetic acid is applied, rounded clear spots soon make their 
appearance and increase in size. A similar effect is produced by pressure—the clear 
spaces by-and-bye increasing till they form blisters projecting on the surface. Max 
Schultze’s account of this phenomenon in the Turbellaria applies word for word to 
Temnocephala—* Wirkt Wasser liingere Zeit auf die Haut eines solchen einem 
ziernlich starken Drucke ausgesetzten Thieres ein, so nehmen die hellen Riiume der 
Haut allmiihig durch Inbibition an Umfang zu, erheben sich iiber die Oberfliiche, 
indem sie die Grundsubstanz vor sich her driingen, und die Cilien auf die Seite 
schieben, werden immer blasser, und platzen endlich um sofort ganz zu verschwinden.”§ 
When acetic acid is seen to produce this effect, it is easy to understand that such 
fixing solutions as contain that or similar acids are likely to cause dilatation to a 
greater or less extent. In 7. guadricornis these spaces appear to be entirely absent 
—the very numerous narrow pore-canals running directly through the epidermis. 


The nuclei of the epidermis are usually spherical or oval, but may be compressed 
in a direction vertical to the surface ; their form appears to vary in a greater or less 
degree with the state of contraction or extension of the body. In 7. mzxor they are 
vertically elongated in the tentacles, flattened elsewhere. They have no definite 
nucleoli, but a closely coiled chromatin filament. In size they differ considerably in 

* « Beitriige zur Naturgeschichte der Turbellarien,” p. 9. 

+ ‘ Untersuchungen iiber Rhabdocéle Turbellarien.” ‘ Zeitschr. f. wiss. Zool.’ LI. (1891). 


+ “* Zum feineren Bau der Trematoden.” ‘ Zeitschr. f. wiss. Zool.’ LII. (1892). 
§ Loc. cit. p. 9. 
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the different species: in 7. mznor they are ‘004mm. in diameter, in 7. /heringit 
005 mm., in 7. fasctata 0035 to ‘0075 mm. ; while in 7. guadricornis they reach the 
relatively large size of as much as ‘02mm. in some cases. They are scattered at 
fairly regular intervals over the surface—about ‘02 to ‘04mm. apart in the Australian 
species, more widely separated in 7. /heringzt. 


These two layers—the cuticle and the epidermis—are, as already mentioned, 
distinguishable in the living condition, the cuticle appearing as a well-defined narrow 
clear band, superficial to the more granular-looking epidermis ; they are separable, 
though not always readily, by maceration. In sections stained in various ways they 
are clearly differentiated, especially if picrocarmine be the staining agent employed. 
In specimens that have been fixed by means of osmic acid solutions the differentiation 
is usually not so clear—the acid darkening both layers and preventing staining agents 
from producing a differentiating effect. 


Underlying the epidermal layer is a very definite, homogeneous, non-nucleated 
basement membrane (PI. x. figs. 1, 2, 7 and 8, 6. m.; Pl. xiv. fig. 4, 6. #.), usually of 
nearly the same thickness as the epidermis, but varying a good deal in this respect, in 
accordance apparently with the condition, as regards contraction or relaxation, of the 
specimen or the part. Under ordinary conditions it is thicker on the dorsal surface 
than on the ventral; excessively thin on the tentacles and ventral surface of the 
sucker. This layer is present in all the species 1 have examined ; but is absent 
according to Weber in 7. Semfert, the epidermis in that species resting directly on 
the layer of circularly arranged muscular fibres. I have called it homogeneous, as in 
the vast majority of sections, and in macerated and teased preparations, it has the 
appearance of being so; but in one series of sections of 7. Dendy prepared by 
Flemming’s method it presents (Pl. x. fig. 8, 4. 7.) a very minutely reticulate struc- 
ture only distinguishable under a high power. This is not in any way comparable to 
the complex arrangement of cells and processes described by Lang as characterising 
the basement membrane in the Polycladide.* By many staining processes the 
basement membrane is not affected, and thus stands out in marked contrast, as I have 
endeavoured to show in fig. 2, to the epidermis on the one side and to the layer of 
circular muscular fibres on the other ; but some carmine solutions stain it intensely— 
much more so than the epidermis. When a specimen which has been stained with 
picrocarmine is teased, the basement membrane is usually readily discernible, owing 
to its being brightly stained and exhibiting a firmer consistency than the other 
layers. Adhering to its inner surface in such preparations are found scattered fibres 
partly belonging, apparently, to the circular layer, partly to the muscular system of 
the parenchyma. It is perforated by the pore-canals, but these are difficult to see, 


* “Die Polycladen,” p. 64. 
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though clearly distinguishable in some sections, except when the secretion of the 
integumentary glands is passing out through them; they frequently branch and 
anastomose in their passage through the basement membrane as in their passage 


through the epidermis. 


This layer has to some extent a skeletal function, as postulated by Lang* for the 
corresponding layer in the Polycladide—the very extensively developed system of 
muscular fibres of the parenchyma being, for the most part, inserted into it. 


G. Brandest has recently studied the structure of the integument in 7. dvev7- 
cornis, and has failed to distinguish clearly the layers described above. But the 
material which he had to work with was collected as long ago as 1856; and perhaps 
his failure, as he himself acknowledges, may have been due entirely to the imperfect 
preservation of his specimens. It is possible, however, though I scarcely think it 
likely, that the South American species, which, so far as they have been studied, 
appear to differ somewhat widely from those found in Australasia, may have an 
integument of a simpler character. Our author himself thinks that the difference is 
not a specific one, for he says—‘“ Wenn nun meine Beobachtungen iiber die Korper- 
bedeckung dieses ‘abweichend gebauten Trematoden’ mit den Angaben der bisherigen 
Forscher nicht tibereinstimmen, so liegt dies nur zum geringsten Theile daran, dass 
ich eme andere Species untersucht habe, denn aus dem Vergleich memer Befunde 
mit den veréffentlichten Thatsachen glaube ich mit Sicherheit schliessen zu kénnen 
dass die neue Form mit der bisher beschriebenen in den wesentlichsten Punkten 
wenigstens tibereinstimmt, und dass die beziiglichen Verhiltnisse eine falsche Deutung 
erfahren haben” (p. 571). 


After quoting my account of the layers in question he goes on to say—‘“ Die 
Abbildung, die Haswell von diesen Verhiiltnissen giebt und die auch Braun repro- 
ducirt, ist etwas sehr schematisch gehalten ; unter dem Mikroskop wird man derartige 
Bilder kaum zu Gesicht bekommen. Ja—ich meine dass man—ohne die Form 
untersucht zu haben—lediglich auf Grund der von Haswell gegebenen Abbildung 
und dem dazu gehérigen Texte der Abhandlung sehr wohl berechtigt ist an der 
Richtigkeit der Darstellung zu zweifeln. Denn Abbildung und Text stimmen 
durchaus nicht zusammen. So schreibt unter Anderem Haswell dass die Epidermis 
auf Querschnitten ‘into a series of vertical columns’ durch eine Anzahl von Parallel- 
linien getheilt zu sein scheine und dass dieses Aussehen durch eine grosse Menge 
von Porenkanilen hervorgebracht werde, die sowohl Epidermis als auch Cuticula 
durchsetzen. Vergleichen wir mit dieser Schilderung die Abbildung (Taf. XX. 
fig. 1), so finden wir, dass die Porenkaniile der Cuticula und die der Epidermis ein 


* Loc. cit. p. 65. 
+ “ Zum feineren Bau der Trematoden.” ‘ Zeitschr. f, wiss. Zool.’ LII[. Bd. (1892). 


104 Macuieay Memorian Vobume. 


ganz verschiedenes Aussehen haben, die letzteren sind ausserordentlich viel volumi- 
nodser, sodann bilden die einen gar nicht die Fortsetzung der anderen, sondern sind 
ganz unabhiingig von ihnen. Ausserdem muss es aber auch auffallen, dass die 
kriiftigen Kaniile sich nicht weiter in die homogene ‘ Basalmembran’ verfolgen lassen.” 


To this I have to reply that the figure in question is not extremely diagrammatic 
—being in reality a very fair representation of what is to be seen in a section of the 
integument of 7. fasczata, and, as far as the cuticle, epidermis and basement 
membrane are concerned, a photograph would give a very similar picture. The 
parts of the canals that are situated in the epidermis are certainly wider than those 
in the cuticle ; in imperfectly preserved or partially macerated specimens they become 
very much more dilated. I did not make the lines in epidermis and cuticle coincide 
because, as a matter of fact, they do not do so. 


Let us proceed to examine Brandes’s own account of these layers. 


He states that he also finds in 7. dvevzcornzs an integument consisting of three 
layers. But he was not able with certainty to distinguish these from one another. 


The superficial part, he considers, might as well be regarded as a superficial part of . 


the whole “cuticular layer” which had undergone a certain modification through 
contact with the water, and the lowest layer—the basal membrane—may be reckoned 
as also part of the cuticle,* or as a delicate outer layer of the parenchyma, or as 
circular muscle-layer. But, he adds, the blame for these negative results may be laid 
on the smallness of the elements and their imperfect preservation. He then proceeds 
to describe in the middle layer the spaces above referred to but not previously noticed 
by me, and traces their connection with the pore-canals. 


All this is not readily to be reconciled with the passages I have quoted, and I 
am ata loss to see what is the ‘“falsche Deutung” which he regards himself as 
having detected. 


V.—Muscurar Layers. 


In the wall of the body there are three layers of muscular fibres—an external 
thinner layer with transversely or circularly arranged elements, an internal, much 
thicker layer in which the fibres run longitudinally, and an intermediate layer of 
intercrossing diagonal fibres. The first (Pl. x. figs. 1, 2, 7 and 8, c. m.) lies 
immediately below the basement membrane; in some of the species it is separated 
from the internal layer by a tolerably thick zone of parenchyma containing pigment. 

* T do not understand why Brandes should prefer to use the word cuticle here, seeing that he acknowledges the 
presence of nuclei. It is true that in the explanation of the plates he calls these “‘kernartige Gebilde”; but no uncertainty 


as to their nature is expressed in the text. To calla nucleated protoplasmic layer a cuticle is, to say the least, very 
unusual, 
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It does not vary much in thickness in different parts, and is always very thin—a 
single layer in 7. Dendyz. The layer of longitudinal fibres, which varies considerably 
in thickness, but is always much thicker than the circular layer, is divided into a 
number of parallel bundles by slight interspaces of parenchyma usually containing 
pigment. On the ventral side of the body this longitudinal layer is much thicker 
than on the dorsal; on both surfaces it thins out towards the lateral borders ; 
on the ventral side it is divided into irregular narrow bundles, which are more 
numerous laterally ; on the dorsal side it is also divided, here and there, by narrow 
strands of parenchyma. Weber rightly points out that the fibres of the longitudinal 
layer are by no means all exactly longitudinal. The prevailing longitudinal direction 
of the fibres is particularly modified on the ventral side, where the division of the 
layer at the bases of the tentacles and at the sides of the mouth and genital aperture 
produce a greater or less degree of obliquity. 


These muscular fibres of the body-wall are usually angular, sometimes rounded, 
in transverse section, ‘004mm. in diameter in the case of the longitudinal, rather less 
in that of the cireular fibres. They are devoid of nuclei, finely striated in the 
longitudinal direction, embedded in finely fibrillar interstitial matter. In cross- 
section they sometimes appear to contain an axial darker core surrounded by a 
clearer cortical substance. 


The account of the musculature in Zemnocephala brevicornis, given by Brandes 
in the paper already quoted, is in certain important respects different from that 
given above. He speaks of the fibres as hollow, or as giving the impression of a tube 
“durch Anordnung der kontraktilen Substanz im Umkreise der urspriinglichen 
Zelle.” This is particularly distinct, he states, in the longitudinal layer, which, he 
adds, “ Haswell durchaus falsch abbildet und schildert.” ‘Auch hier treten die 
kontraktilen Rohren zu einem auf Querschnitten netzartig erscheimenden Gewebe 
zusammen das sich ganz allmiihlich in das parenchymatische Bindegewebe fortsetzt. 
Mir scheint der letztere Umstand fiir die Genese des Trematodenparenchyms, die 
meines Erachtens durchaus noch nicht aufgeklirt ist, beachtenswerth zu sein ; ich 
werde bei anderer Gelegenheit darauf zuriickkommen.” 


The above account of the longitudinal muscle-layer is totally at variance with 
what I have found in all the species I have studied, and I am disposed to think that 
this may be due to the imperfect state of preservation of the specimens. To this is 
certainly due the description of the muscular fibres as having the appearance of tubes 
—an appearance which I have repeatedly observed in specimens the preservation of 
which had been doubtful, but which is rarely seen in specimens that have been 
properly fixed by means of a corrosive sublimate or osmic acid solution : at most this 


is a preparation phenomenon. 
Lb 
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He further points out the presence of the layer of diagonally disposed fibres 


previously overlooked. 


The muscular fibres of the sucker are a specially developed part of the muscular 
layers of the body-wall, with the addition of elements from the parenchyma muscle. 
Six sets of fibres are to be distinguished :—(1) Fibres which pass from the dorsal 
wall of the body to near the centre of the concavity of the sucker ; (2) oblique fibres 
which run through the substance of the outer part of the sucker from the dorsal to 
the ventral surface ; (3) fibres which run longitudinally from the ventral body-wall 
obliquely through the lateral parts of the stalk ; (4) radial fibres ; (5) circular fibres 
running round the margin ; (6) accessory fibres. 


Vi.—Inrecumentary GLAnDs. 


The very remarkably developed unicellular glands have received a fair amount 
of attention both from Weber and myself; but one or two points of some 
importance remain to be noticed.* Weber rightly remarks that I had understated 
the extent of the region of the body in which these unicellular glands are found. 
They are chiefly arranged in a broad band near the lateral borders of the body from 
the terminal sac of the exeretory system in front to the sucker at the posterior end. 
They are large cells—as much as ‘075 mm. in long diameter—mostly elongated in the 
dorsi-ventral direction. At its ventral end, as pointed out by Weber, each cell narrows 
to a process which acts as the duct. The cell has a large nucleus (-012 mm. in diameter 
in 7. fasctata). This is enclosed in a thick nuclear membrane and contains a single 
spherical nucleolus with a network of achromatin fibres. The protoplasm usually 
contains many of the rod-like bodies described below : sometimes it presents an open 
network of fine branching threads, for the most part radial in direction ; sometimes the 
network is close and dense. The rod-like bodies in the protoplasm of the cell are 
brought out most clearly in corrosive sublimate specimens stained with hematoxylin, 
which colours the rods much more strongly than the protoplasm. 


The secretions from these glands find three principal destinations, and, conse- 
quently, the glands themselves may be arranged in three groups. The glands of the 
first group—the tentacular glands—send their secretion forwards to the tentacles 
(Pl. xiv. fig, 1, 4. g.; Pl. xv. fig. 1, ~ g.). Those of the most posterior set—the 
acetabular —are connected with the sucker. The secretion from the cells of the third 
croup passes to the ventral surface of the body in the neighbourhood of the genital 

* As Weber points out, these unicellular glands cannot be regarded as modified cells of the parenchyma, but are 


almost certainly greatly produced epidermal cells, the body of which has become sunk deeply beneath the surface, with 
Which the cell only remains connected by the greatly elongated narrow process constituting the duct. 
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opening. There is no line of demarcation between these sets of cells, nor are the 
eroups distinguishable except by tracing out the course followed by the ducts, the 
several sets being more or less intermingled. 


In each of the cells of the first two sets there are developed innumerable minute 
rod-like bodies 0075 mm. in length* (in 7. fasczata), sometimes straight, usually 
slightly curved, and usually slightly dilated at the ends. These rods pass out through 
the duct, which runs forwards, forming, along with the ducts of neighbouring cells, a 
tolerably thick strand passing towards the bases of the tentacles, the individual ducts 
branching and anastomosing. In front there is usually a shght dilatation of the 
strand (vzde Pl. xv. fig. 1, ~ ad.) which would seem to indicate the presence of a 
dilatation of the constituent ducts, apparently to form small reservoirs for the 
secretion, From this poimt some of the ducts pass to the integument behind the 
bases of the tentacles ; most of them pass along the axes of the tentacles, ramifying 
and anastomosing as they go. Finally the terminal branches open on the exterior 
through the pore-canals all over the ventral surface of the tentacles and the integu- 
ment of the body some distance behind the bases of the latter. 


Through this system of ducts the rod-like bodies pass forwards, moved, appa- 
rently, by the general contractions of the muscles of the body-wall and parenchyma, 
and they are usually found packing the interior of the branching channels in the 
tentacles. From these they pass out, one by one, through the pore-canals, accon- 
panied by a glutinous fluid. It is this secretion containing these rod-like bodies that 
would appear to give the tentacles their adhesive power when laid flat on a smooth 
surface. When the tentacles are separated from the surface of a glass slip on which 
the animal has been placed, the surface of the glass retains adhering to it a large 
number of the rods with a layer of the viscid fluid in which they are embedded. 
Like the corresponding secretion in the Rhabdoceeles, as held by y. Kennel, + 
Boéhmig,{ and others, this secretion probably aids in the capture of struggling prey 
by clogging and hampering their movements. 


Behind these tentacular glands are the acetabular glands, the secretion of which 
reaches the exterior on the inner surface of the sucker. Usually these are situated 
far back near the base of the sucker. In essentials they resemble the tentacular 
glands, and their secretion is of a similar character ; its function appears to be to add 
to the adhesive power of the sucker. 


* The length is given as ‘02 mm. in my former paper ; this is an error, since it would make the rods about a fourth 
of the diameter of the whole cell. 


+ ‘* Untersuchungen an neuen Turbellarien.” ‘ Zool. Jahrbiicher,’ 1889. 


+ Loc. cit. 
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After a Temnocephala has remained at rest for some time on one spot on the 
surface of a glass vessel, when it moves it leaves behind it a circular cloudy mark 
where the sucker had been adhering. When a number of them have been kept for a 
day or so in a small vessel, the bottom is found to be covered with a slimy layer, 
which may be removed as a thin pellicle. This proves on microscopic examination 
to be a colourless jelly, through which myriads of the rods are scattered—the whole 
very closely resembling a Zooglwa. 


The glands above described are undoubtedly the equivalents of the rhabdite- 
forming glands as they occur in the Rhabdoccele Turbellaria. The character of the 
cells, the nature of the bodies developed in them, the arrangement of the ducts in 
strands (“Stiibchenstrassen”) and their distribution about the anterior end of the 
animal all closely correspond. Whether in 7emnocephala the cells that form the 
rhabdites also produce the viscid matter in which they lie, or a special set of the cells 
have that function, as occurs, according to v. Graff, in the Rhabdoceeles, is uncertain: 
I incline to the former view, each rod, as it lies in the cell, being surrounded by a 
zone of uncolourable clear matter which is probably the viscid matter in question. 
As to the special function of the rhabdites, it is possible they have some influence on 
the consistency of the secretion—making it thicker or increasing its glutinous 
qualities. It is possible that they are themselves of a glutinous consistency, and aid 
in cohesion when in the act of protruding from the openings of the pore-canals. But 
this latter view seems no more probable than Schultze’s* theory that they have an 
influence on the tactile sensibility of the surface by offering resistance to pressure in 
the same fashion as nails and similar hard structures: it seems very unlikely that a 
function of this kind would be performed by bodies that are being cast off constantly 
by hundreds. Von Graff's observationt that the rhabdites are most abundant 
towards the anterior end, and much more numerous in sensitive and active forms, 
would seem to indicate that they have some function—unless we are to look upon 
them as an excretion—but does not seem to tell very specially in favour of 
Schultze’s theory. 


Much less numerous and less constantly in action are certain of the integumen- 
tary glands, the secretion of which passes to the ventral surface of the body around 
the genital aperture. Only exceptionally are the pore canals in this region found to 
be charged with the secretion, which contains solid elements shorter and thicker than 
those of the tentacular glands. The secretion is in this case most probably utilised 
to form the viscid material by means of which, in some of the species, the eggs, as 
will subsequently be explained, are united together when laid. 


* “ Beitrage zur Naturgeschichte der Turbellarien.” 
+ Tom. cit. p. 58. 
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VII.—Tue Parencuyma. 


The complex ramifications of the nerve-tubes, the branches of the excretory 
vessels, the unicellular glands and their ducts, and the bands of muscular fibres that 
extend from one surface of the body to another, or from organ to organ, take up so 
much of the space between the body-wall and the digestive and reproductive organs 
that the quantity of parenchyma is not relatively very great. Where it occurs 
uncomplicated by other elements, it presents the appearance of a close reticulum of 
delicate fibres, which, where they anastomose, sometimes present plate-like expansions. 
Dotted here and there at wide intervals are to be found oval nuclei ‘012 mm. in 
diameter (Pl. x. fig. 9), which seem to be the only nuclei specially appertaining to 
the parenchyma proper. In osmic acid preparations the meshes of the network are 
found to be oceupied by a more delicate reticulum. To judge by its behaviour under 
the action of staining agents, this network of fibres is not of protoplasmic character, 
having undergone a sufficient amount of modification to render it incapable of being 
readily coloured. It is likely that the whole tissue in the living animal is filled like a 
sponge, not with hyaloplasm, as stated by Béhmig with reference to the Rhabdoceeles, 
but with a watery fluid containing a certain amount of coagulable matter. Probably 
the parenchyma is to be regarded as composed of large cells with the nuclei above 
described, without cell-boundaries, and with a protoplasmic reticulum which has 


become greatly vacuolated. 


In addition to the cells already described and those to be referred to later as 
excretory cells, there occur embedded in the parenchyma, here and there throughout 
the body, groups of cells which appear to have no connection with any of the systems 
of organs, and which I referred to in my former paper as parenchyma cells.* These 
(PIL. x. fig. 10) are comparatively small cells, about ‘01mm. in diameter in 7. fasczaza, 
which occur rarely singly, nearly always in clumps of ten or twelve closely aggregated 
together. They have oval nuclei 0025mm. in long diameter, with a minute spherical 
nucleolus and other smaller scattered particles of chromatin. In several cases they 
were observed to be dividing with mitosis. They are very like the nerve-cells but 
much smaller. 


In the parenchyma of certain- of the species— 7. fasczata, T. quadricornis, T. 
minor, T. Nove-zealandie—there is more or less pigment. In 7. fasczata this is very 
abundant—chiefly taking the form of a fine close network of very delicate threads of 

* Braun inadvertently states that I described the parenchyma cells as star-shaped. This is not the case ; I did not 


give any special account of them. The star-shaped cells which appear in several of my figures correspond to what are 
described in the present paper along with the excretory system. 
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granular pigment* (PI. x. fig. 1) lying superficial to the layer of longitudinal muscular 
fibres, but extending also in exceedingly fine scattered filaments throughout the whole 
thickness of the parenchyma, and, as in certain Rhabdoceeles, according to Béhmig, 
entering into the central substance of the cerebral ganglion. In the case of 7. 
guadricornis (PI. xiv. fig. 4) the pigment is also partly between the two layers of muscle, 
but is in great measure diffused throughout the whole of the underlying parenchyma; in 
this species it appears as regular larger and smaller spherical granules instead of threads. 
In 7. Nove-zealandie (Pl. x. fig. 7) it is much the same, except that the granules are 
smaller and less uniform. In 7: szxor, on the other hand, the pigment is almost 
completely confined to the zone underneath the layer of circularly-arranged muscular 
fibres, where it is arranged in the form of a network of limited extent with coarse 
irregular meshes, the pigment here appearing, when examined under a high power, 
in the shape of mimute rounded granules. 


Muscular fibres are very numerous in the parenchyma of 7emmnocephala. They 
are slender fibres with small nuclei, either running singly or in bundles. Most of 
them are dorsi-ventral in their course, with varying degrees of obliquity: at their 
extremities they are inserted into the basement membrane. These dorsi-ventral 
bundles are especially numerous in 7. fasczata. They are intimately united with the 
network of the parenchyma, and perforate certain of the large cells lying therein. 
The muscular layers which invest the various organs are of the same character as 
these dorsi-ventral fibres ; but these may be conveniently considered along with the 
organs they enclose. 


VILL.—-Atmentary Canat. 


The mouth, as already noticed, is on the ventral surface a little behind the level 
of the eyes and the excretory openings. When closed it is in the form of a trans- 
verse slit with folded and puckered edges; but it is capable of being opened very 
widely, so as to admit of the passage of comparatively large objects. The mouth 
leads almost directly into the pharynx, a mouth-cavity being here represented only 
by a very small space, lined by a continuation of the integument. The unicellular 
glands, which Weber represents as opening in this position, do not occur in any of 
the species I have examined. 

The pharynx of Zemnocephala is a muscular bulb of rounded shape (pharynx 
bulbosus) with walls of very firm and tough consistency. Its antero-posterior, 
vertical and transverse diameters are almost equal; it occupies about a half to a 


* These are not stellate pigment cells as supposed by Braun; in fact, they are not cells at all. 
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third of the breadth of the body, and, in its thickest part, four-fifths of the thickness. 
Its dorsal and ventral walls are thicker than its lateral. It contains a cavity which, 
probably rounded in the distended, is usually compressed and tri-radiate in the 
contracted condition. Its internal lining membrane is a thick layer of almost 
homogeneous character, very finely granular and very finely striated in a vertical 
direction —the striz appearing under a high power as rows of dots. This layer is 
not cuticular in character, and, though devoid of nuclei, must, I think, represent the 
internal epithelium. A continuation of the surface epithelium into the interior of 
the pharynx as deseribed by Weber is not recognisable im my sections ; but in some 
there appears to be a very thin inner layer, which may be an internal cuticle. The 
greater part of the wall of the pharynx is composed of muscular fibres which are 
readily distinguishable into the following layers.* Most externally is a complete 
coating of circular (transverse) fibres ; and most internally next to the epithelium is 
an internal layer, the fibres of which run in the same direction. Between those 
extend numerous radial fibres arranged singly or in narrow bundles ; these are 
separated from one another by interspaces containing parenchyma; each splits up 
both externally and internally into several branches. Running between the outer 
ends of these radial fibres are the fibres of a thin external longitudinal layer, and 
a similar longitudinal layer runs between their inner ends. At the anterior and 
posterior ends of the pharynx very closely arranged circular fibres fill the interspaces 
between the radial fibres and to a great extent displace them; slender radial fibres 
divide those into tolerably regular bands.t Strands of parenchyma muscle passing 
from the outer circular layer towards the integument have probably the function of 


protractors and retractors. 


Between the muscular layers there runs a system of visceral nerves, with 


oceasional bipolar ganglion-cells, to be afterwards referred to. 


In the wall of the pharynx between the radial muscular fibres are numerous 
large cells with processes, which in some instances anastomose. They have large 
nuclei—0175 mm. in diameter in 7. fasczata, smaller in 7. Dendyz, with a single 
rounded nucleolus in the former case, and with several small chromatin masses in the 
latter. In the latter species these cells send processes inwards between the radial 
muscular fibres, forming narrow ducts along which a bright oily-looking secretion 
passes to enter the internal cavity of the pharynx. These ducts were not seen in 
the other species ; but it is not likely that they are absent. The cells are thus of 

* In my former paper there is an unfortunate mistake in the account of the layers of muscle in the wall of the 
pharynx. Fig. 6 of Pl. xx. is a drawing of a part, not of a /ongitudinal (as stated in the explanation of the plates), but of 


a transverse section, and in the account of the arrangement (p. 290) the order of the layers is reversed in accordance with 
this. The thick anterior and posterior masses of circular fibres were overlooked altogether. 


+ These correspond to the much less strongly developed ‘‘ sphincter” fibres found by Bohmig in the pharynx of 
Plagiostoma Lemani ; but the term sphincter, owing to their extent, is not applicable to them in the case of Temnocephala. 
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the character of unicellular digestive glands. In addition there are a few cells 
identical with the excretory cells. 


In all essential respects all the Australasian species agree in the form and 
structure of the pharynx ; any differences that there exist relate only to relative size 
and relative degree of development of the various layers of muscle and of the 
unicellular glands. 


If Weber’s account of the pharynx of 7. Semper? be correct, which I see no reason 
to doubt, we have here another feature in which that species diverges from the others 
in the direction of a greater simplicity of organisation. He describes the wall of the 
pharynx as consisting mainly of circular fibres, with sparsely developed radial fibres, in 
contrast to that of other Trematodes, and endeavours to account for this by the nature 
of the food. But a sucking action in the case of an animal immersed in water is as 
important in drawing whole prey into the mouth as in drawing in blood, epithelial 
detritus, ete.; and it will be seen from the above description that the pharynx of 
Temnocephatla, at least in the Australian species, belongs to the same type as those 
of Polystomum, Calicotyle, Sphyranura, and Pseudocotyle. T. Jheringtt in this 
respect, as In a good many others, appears to approach nearer 7. Semper. 


Brandes refers to the structure of the pharynx of 7. dvevicornis, and figures a 
section.* He recognises the anterior and posterior masses of transverse fibres, 
previously overlooked, and lays stress on their importance as corresponding with the 
sphincters of the pharynx in the Ahaédocela. The muscular fibres he characterises 
as hollow—an appearance which, as I have elsewhere pointed out, is prolably due 
to the condition of his material. 


The pharynx of Plagzostoma Lemani, as described and figured by Béhmig,t 
approximates very closely to that of Temnocephala. So also does von Graft’s 
“pharynx bulbosus rosulatus” of most Rhabdocceles, except that the direction of 
the layers is reversed, and that the thick anterior and posterior transverse bands are 
wanting. 


Craspedella differs trom TZemnocephala in the rudimentary character of the 
pharynx. 


Between the pharynx and the intestine, into the short passage which may be 
called cesophagus, there open the ducts of a large number of unicellular glands 
resembling those described in a number of other ectoparasitic Trematodes as salivary 
glands. Neighbouring cells are often coalescent: they have homogeneous protoplasm 
and oval nuclei ‘0075 mm. in diameter. 


* Loc. cit. p. 574, pl. xxi. fig. 20. 
+ Loc. cit. p, 414, and p, 219, fig. 8. 
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The intestine of Zemnocephala may be described as a four-sided, dorsi-ventrally 
compressed sac—varying considerably in shape, like some of the other organs, with 
the state of extension or contraction of the body. In close contact with it dorsally, 
at the sides, and to a greater or less extent on the ventral surface, are the lobes of the 
vitelline glands. Behind it presents a deep concavity in which the receptaculum 
vitelli is situated. 


The entire organ is invested with a thin layer of muscular fibres—a feature 
apparently only presented among monogenetic Trematodes by Sphyranura, though it 
oceurs in many of the Rhabdoceeles. The nature of this investment is not recognised 
by Weber, who calls it ¢axzca propria; but it is unlikely that in this respect there is 
any difference between 7. Sempervr and the other species. Passing inwards from this 
there are, in all the species I have examined, with the exception of 7. /heringit and 
Craspedella Spencert, a number of transverse bands of muscular fibres, which at 
regular intervals constrict the lumen of the intestine (PI. xiv. figs. 1 and 2, and PI. xv. 
fiz. 1). These septa, as they may be called, are continued outwards at the sides also 
by irregular bands of fibres which are affixed to the basement-membrane of the 
integument. By means of these the cavity of the intestine is partly subdivided, so 
that it consists of a central space and a series of pouches or cceca, which, as they are 


continued completely round, may be described as annular.* 


The main substance of the wall of the intestine, which is very thick, is composed 
of a greatly elongated epithelium. The cells of this epithelium are so loaded with 
granules that it is often quite impossible to make out their outlines: they are very 
long and very narrow and closely packed; in many cases they seem completely 
coalescent ; near its base each has a nucleus; internally each ends in a rounded 
club-shaped extremity, on which I have never succeeded in determining the presence 
of cilia. 


The substance of these cells is of an exceedingly fluid character : in the interior 
is an open reticulum of fine fibres. Numerous rounded or polygonal spaces occur ; 
these contain a clear colourless fluid, and enclose in each case one, more rarely two, 
large, strongly-refracting granules, which appear yellowish by transmitted light, and 
sometimes have an appearance as if they were composed of concentric laminz ; these 
were observed to be undergoing brownian movements, showing that they lie quite 
free in the watery fluid of the vacuole ; active Bacteria were observed in the interior 
of one or two of these vacuoles in some cases. There can be little doubt that these 
granules, which are nost abundant near the inner surface of the epithelium, are of an 

*I do not understand Braun when he says with regard to my previous account of the septa that ‘‘die als Beweis 
dienende Abbildung eines Lingschnittes verdient einen solechen Glauben nicht, da offenbar nicht ein durch die Medianebene 


sondern seitlich davon gelangter Schnitt vorliegt” (/.c. p. 429). A median section was by no means necessary in order to 
prove the point. 


Q 
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excretory character. Unlike similar granules that occur in some Rhabdocceles* they 
are confined to the alimentary epithelium and do not extend to the parenchyma. 


Between the ordinary epithelial cells there are narrow tubular cells with enlarged 
and rounded inner ends, full of granules, which become very darkly coloured with 
carmine or hematoxylin, but are transparent and colourless in the unstained condition. 
These cells frequently bifurcate. Their granular contents are probably of the nature 
of a digestive secretion. Similar cells—the so-called ‘“ Kornerkolben”—have been 
described by v. Graff and others as occurring among the epithelial cells of the 
intestine in some 7x7bellaria; and Kerbertt observed them also in a Digenetic 
Trematode. 


1TX.—Tuer Excretory System. 


When I published my former account of Zemnocephala the mode of opening of 
this system on the exterior by two dorsally and anteriorly placed apertures seemed 
quite exceptional among the Trematodes. It has since been shown, however, that 
this is not the case. A similar arrangement is found to prevail in Polystomum, 
Diplozoon, Octobothrium, Sphyranura, Axine, Microcotyle, Gyrodactylus, Dactylogyrus, 
Pseudocotyle, and Tristomum and other Trzstomide, in tact, as pointed out by Braun,t{ 
the supposition that ventral openings occur was the result of an error, But in 
several other respects the excretory system of 7emnocephala differs widely from that 
of other Trematodes—so far as known. 


Each of the two excretory pores of Zemnocephala and Craspedella leads into a 
thick-walled terminal vesicle or excretory sac (PI. x. fig. 11), which is of pyriform 
shape, but somewhat bent on itself at the apex. The sac is contractile, the contrac- 
tions being brought about by the agency of a complete layer of muscular fibres 
(fig. 13, wzw.). Surrounding the orifice there is also a set of muscular fibres by means 
of which the aperture can be contracted or dilated. The wall of the sac is of 
protoplasmic material, having in the fresh state a yellowish colour; examined in 
sections (figs. 13 and 14) it proves to be finely fibrillated. In the wall of the main 
part of the sac there are no nuclei, but in the wall of the curved narrow apical 
portion is a large nucleus, and a second lies a little further on in the wall of the main 
canal. Those two nuclei were formerly supposed by me to be the nuclei of nerve-cells 
closely applied to the terminal vesicle. The re-examination of series of sections 
(Pl. x. fig. 14) has, however, shown me that this was an error, and that the nuclei in 
question—which are of exactly the same character as the nuclei of the excretory cells 

* Bohmig, /.c. p. 239. 


+ ‘‘ Beitrag. zur Kenntniss der Trematoden.” ‘Arch. f. Mikro, Anat.’ XIX. p. 529 (1881). 


+ ‘*Ueber die Lage des Excretionsporus bei den ectoparasitischen Trematoden.” ‘Zool. Anz.’ XI. (1889), and 
“Ueber Temnocephala.” ‘Centralbl. f. Bacteriologie u. Parasitenkunde,’ VII. Bd. (1890). 
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to be presently deseribed—are in the position indicated above.* The one is, then, 
the nucleus of a cell the body of which forms the wall of the exeretory sac ; it is the 
nucleus of a cell which is fexforated by the excretory sac or terminal part of the 
excretory system of passages. The large size of the sac (about ‘4mm in Zemnocephala 
fasciata in the contracted state) might at first sight seem to stand in the way of 
looking at it as a single cell; but, as will be shown presently, there are other 
cells of comparable size connected with the excretory system. The second nucleus 
is the nucleus of an elongated cell which zs perforated by the main canal: and as the 
wall of the canal and its branches is completely continuous we are justified in 
regarding this as a case like that of the unicellular glands described above, in which 
the cell is drawn out to a very great length. Only a very limited number of nuclei 
oceur in the course of the main canals of 7° fasczata; so that, so far as the main 
trunks are concerned, the latter seem to be perforations in a small number of greatly 
produced cells. Each tentacular vessel in 7. Dendyi (PI. x. figs. 17 and 18) also 
perforates a cell the substance of which is permeated by a plexus of capillaries ; and 
in 7. fasciata there are several nuclei in the wall of each of these tentacular branches. 
The excretory canals in 7ennocephala are, in fact, intracellular as postulated by Lang 
for Trematodes in general ; but in a considerable part at least of their length they 
are perforations in the substance of only a Limited number of greatly produced cells 
(PI. x. fig. 16) united together in the form of a narrow branching cylinder. This 
view of the matter may seem somewhat paradoxical at first sight ; but to my mind 
the facts already described with those yet to be mentioned can bear no other 
interpretation. 


Weber describes and figures the course of the principal canals as they are found 
in 7. Semperi,; and the differences between this and the Australian species are not 
of an important character. The general arrangement is as follows :—The main canal 
into which the sac leads soon bifurcates to form two trunks, from which large vessels 
pass backwards and forwards, giving off numerous branches. The anterior trunks 
are connected across the middle line by a transverse arch, from which are given off 
in front a series of large branches running along the axes of the tentacles. Similar 
transverse arches connect the posterior trunks. In the details of the branching and 
anastomosing of the canals there is a considerable amount of difference between the 
various species. The arrangement observed in 7. Nove-zealandi@ is shown in Plate 


KIetigs A. 


The branches give origin to a system of canalicules or capillaries, superficial in 
position, of small calibre and thin walls, forming a plexus which is best developed 


* It is rather remarkable that Wright and Macallum describe ganglion cells as applied to the excretory vesicles of 
Sphyranura Osleri (l.c. p. 20). It seems to me not improbable that they have fallen into the same error as myself. The 
explanation of iny figure 9, Pl. xxr., with the nuclei external to the sac and the duct, is that what is represented is in 
reality merely the /wmen of the sac and of the duct. 
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near the dorsal surface beneath the layers of muscle ; many of the terminal branches 
enter the protoplasm of the large excretory cells to be presently described. They 
contain “ Wimperflammen” in some parts at least,* but whether in the general 
course of the capillaries or in special dilatations has not been determined. Certain of 


the branches, however, have a very special mode of ending now to be described. 


There enter the substance of the wall of each excretory sac (PI. x. fig. 12) on 
the inner side a number of small canals which come off from the anterior main trunk. 
These branch through the protoplasmic substance of the wall of the sac, giving origin 
to a rich plexus of exceedingly fine capillary canals (about 004mm. in diameter), 
which do not appear to have any special walls. In the course of these capillaries 
and in slight terminal dilatations of side-branches are numerous “ Wimperflammen ” 
‘005mm. in length. The latter are at all times difficult to see: the animal must be 
pretty strongly compressed in order to bring them into view, and after a few ininutes 
of such compression their movements cease, and they are no longer to be distinguished. 
In many cases I have failed to see them altogether ; in others only one or two came 
into view ; only in a few rare instances have I succeeded in seeing a number of them 
in motion all at once, with that peculiar restricted undulating movement which once 
seen cannot be mistaken. In one case in 7. Dendyz as many as twenty were seen in 
movement at once, and there are probably many more in each sac. In 7. Move- 
zealandi@ they are still more numerous—about fifty being sometimes visible at once. 
In this species it was noticed that when the terminal sac was distended the flames in 
its walls did not appear to move. The general arrangement of these capillaries in 
the wall of the sac as seen in 7. Dendyz is represented in fig. 12 of Plate x. In 
T. minor and T. Nove-zealandie the arrangement is similar. 


In sections of specimens prepared by Flemming’s method and stained with alum- 
cochineal or hematoxylin this remarkable system of intracellular capillaries is readily 
traceable (Pl. x. figs. 13, 14 and 15), though it is a little difficult to be sure of the 
“ Wimperflammen,” which are always, as is generally recognised, difficult to make 
out—if at all recognisable—in sections.t 


Other branches end in the substance of certain peculiar cells which may be called 
the excretory cells. The branches in question are sometimes of large size as compared 
with those that enter the substance of the wall of the terminal sac, with a compara- 
tively thick protoplasmic wall, but in other cases are exceedingly fine capillaries. 
The exeretory cells are very large—as much as ‘15mm. in diameter. Each has a 

*T have found them in the tentacles, immediately in front of the brain, at the side of the excretory sac, a little 


distance in front of it, and in the neighbourhood of the ovary and receptaculum vitelli. Where flames were detected, no 
nuclei were ever observed in close proximity to them. 

+ The ‘‘ vacuoles” in the protoplasmic wall of the terminal sac referred to by me in my earlier paper are really the 
larger of these canals, or rounded spaces which the latter give rise to when the sac becomes altered by too great compres- 
sion or by the action of acids. 
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single nucleus, of a diameter of about 023 mm., which when stained with heematoxylin 
shows a large spherical stained centre with a number of much smaller rounded bodies, 
also intensely stained, arranged round it ina single layer, and with a scanty intra-nuclear 
achromatin network, between the meshes of which and adhering to the threads are 
irregular minute particles which have the appearance of flocculent matter precipitated 
from a fluid. These cells are devoid of any enclosing membrane and, usually, 
though not invariably, have a number of processes. The canal breaks up on entering 
the cell into a number of capillary channels (PI. x1. figs. 2 and 3) which ramify richly 
throughout the protoplasm in all directions. In other cases small vessels run round 
the periphery of the excretory cell and send minute capillary branches into its 
substance. I have not been able, after often-repeated and careful search, to find 
‘“Wimperflammen” in the course of these intracellular channels, and though, taking 
into account what has been described in regard to the terminal cell, it seemed not 
improbable a priori that those structures should be present, I think I have made 
fairly certain that they are not. 


Cells in most respects similar to these, of similar size, with nuclei of precisely 
similar character, and with coarsely fibrous protoplasm having a radiate arrangement 
but apparently devoid of canals, are to be found here and there ; a set of these always 
oceurs, arranged with the greatest regularity, between the bases of the tentacles 
and the pharynx; they are frequently perforated by dorsi-ventral strands of the 
parenchyma muscle. 


It will be seen from the above that the entire excretory system of Zesenocephala 
(with the exception perhaps of some of the fine capillaries), is intracellular, and that 
the entire number of cells in the interior of which the system les is very limited. 
A part at least of the system of larger trunks has a wall formed of a branched 
extension of the subterminal cell and of one or two others; a part doubtless is formed 
by extension of the renal cells ; what share those cells severally take in forming the 
trunks could only be decided by a detailed investigation of the development of the 
system. 


The remarkable result also follows that structures which appear to correspond 
to flame-cells of other flat-worms are not here of the character of cells at all—a large 
number of ciliary flames being present within the substance of a single large cell. 


Another set of cells which are probably appended to the excretory system, 
though positive evidence of this is wanting, are much fewer in number than those 





as much as ‘16 mm. in diameter, with 
nuclei about ‘03mm. They differ from the excretory cells in the effect of staining 
agents on their protoplasm, in the larger size of their nuclei, in the presence of a 


just described, and usually of even larger size 
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definite fibrous investment, and in being perforated by numerous bands of parenchyma 
muscle. The protoplasm has a more or less radiate structure, and has very much 
the appearance of being permeated by narrow branching channels. 


Cells similar to the excretory cells described above, but much smaller and devoid 
of canals, occur here and there, and have to be mentioned here as perhaps belonging 
to the same system. 


It will be seen that there are several important lacunz to be filled up in the 
above account of the excretory system of the Zemmnocephalee. The precise arrange- 
ment of the few “flames” that occur outside of the terminal sacs remains to be 
determined, and I am still uncertain if any of the capillaries end otherwise than by 
entering the substance of the excretory cells. Mature specimens are not favourable 
for the determination of such points, being too dense, and, in most cases, too strongly 
pigmented ; and they are only likely to be cleared up by the examination with the 
best objectives of young specimens removed from the egg. The development of the 
system, I need hardly add, must be traced before some of its relations can be 
understood. 


X.—Tue Nervous System. 


The histological elements of the nervous system are the nerve-tubes and the bipolar 
and unipolar ganglion-cells. Preparations made by a great variety of methods have 
failed to throw further light on the structure of the nerve-tubes. They are cylindrical 
tubes, varying greatly in diameter—from ‘005mm. to ‘02mm. in 7° fasczafa, with a 
firm wall of what looks like condensed fibrous tissue. In the interior is a very finely 
reticulate matter which is only acted on, and then very slightly, by colouring fluids 
after all the other tissues have become intensely stained ; from its tendency to shrink 
under the action of hardening agents this contained matter is evidently of a soft and 
more or less fluid character. Béhmig’s* account of the minute structure of the 


fo} 


nerve-tubes in the Rhabdocela, with the contained bundle of parallel fibrils does not 
apply to Zemnocephala; in the latter the fibrils, when distinguishable, appear as 
excessively fine threads which anastomose irregularly. 


The unipolar nerve-cells occur only in the brain; the bipolar frequently else- 
where in the course of the peripheral nerves. Multipolar nerve-cells such as those 
described by Béhmig were not seen except in one doubtful case, in which a ganglion 


cell which had apparently three processes was observed in the wall of the pharynx.t 


* Loc. cit. p. 257. 


+ The large multipolar cells described by Lang as occurring in 7’ristomum are, I think, the excretory cells. 
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The nerve-cells (PI. x1. figs. 4-9) appear as swellings in the course or at the end of 
nerve-tubes. Each contains a spherical or subspherical nucleus, ‘015 mm. in diameter 
in 7. fasctata. This always contains a relatively small nucleolus in which all the 
chromatin appears to be condensed; and a delicate achromatin network with irregular 
collections of minute particles similar to those in the nuclei of the excretory cells. 
In the cytoplasm are numerous very fine fibrils mostly arranged concentrically around 
the nucleus, but some radiating outwards from it. 


The brain (Pl. x1. figs. 5 to 9) is situated just in front of the pharynx, and not 
far from the dorsal surface of the body. It consists of a central fibrous mass and 
groups of ganglion-cells. When the former is looked at from above it appears 
squarish ; but it is best described as a broad thick band (PI. x1. fig. 5) which is 
transverse and horizontal in its middle part, but laterally bends downwards and 
backwards to the point where it passes into the posterior nerve-cords. It is the 
transverse part which gives the appearance of squareness.* 

Webert describes the brain in 7. Semferi as consisting on each side of a ganglion, 


am 


with a core of “ Punkt-substanz” surrounded by fibres—the ganglia united by a 
commissure ; but there is no division by a constriction into two lateral portions 


in any of the species I have examined. 


The central part of the brain consists of a finely fibrous material, having the 
transverse commissural nerve-tubes closely applied to it, and sometimes traversing 
its substance, with a number of larger tubes and spaces containing matter similar 
to that which occurs in the interior of the nerve-tubes. On either side are two 
great groups of bipolar, with a few unipolar ganglion-cells ; these are very numerous 
—some hundreds in number altogether—and present a totally different appearance 
from that represented by Weber. One of the groups of ganglion-cells is the root 
of the nerves that pass forwards; every nerve-fibre has near its origin a bipolar 
cell—one process being the nerve-fibre, the other passing into the central substance 
of the ganglion, through which it is frequently traceable. The other group is the 
root of the nerves that pass backwards ; and the relations of the cells to the fibres 
are here the same. The commissural fibres also have ganglion-cells in their course. 


In a series of horizontal sections, followed from the dorsal towards the ventral 
side, we first come, in the section passing through the middle of the eyes (PI. x1. fig. 9), 
upon two symmetrically disposed groups of ganglion-cells situated behind the eyes, 
and separated from one another by a distinct interval. At a deeper level, but still 
not completely below the eyes, the position taken by the two groups of cells is 


* Semper’s figure and short account of the brain include some of the paired non-nervous cells situated in front of 
and behind it. 


t Loc cit. p, 22. 
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occupied by a broad transverse band of fibrous material, through which are traceable 
numerous nerve-tubes ; the nerve-cells are now collected into two groups, which are 
wide apart and external to the eyes. On a somewhat deeper plane the lateral groups 
the former 





of nerve-cells begin to be divisible into an anterior and a posterior set 
connected with the anterior, the latter with the posterior, series of peripheral nerves. 
At a still lower level the ganglion-cells become fewer ; and the fibrous band exhibits 
very large spaces and channels which are quite symmetrically disposed on either side 
of the middle line; here the central mass assumes an investment, apparently of the 
nature of parenchyma muscle, on its anterior and posterior surfaces; the spaces 
increase in size towards the ventral surface of the brain. 


On carefully going over such series of sections and comparing them with 
longitudinal, vertical (Pl. x1. fig. 8), and transverse series, it becomes evident that the 
nerve-tubes which enter either side of the central fibrous mass in great measure 
coalesce to form the large symmetrically disposed spaces and channels which are filled 
with the same extremely delicate material that occupies the interior of the nerve 
tubes themselves. There are thus two entirely different elements to be distinguished 
in the “ Punkt-substanz” of the brain-ganglion: (1) a tolerably dense reticulum of 
fibrous material, through which run many nerve-tubes ; and (2) a series of channels 
of comparatively large size containing delicate, readily altered material similar to 
that which fills the nerve-tubes. The relative position and arrangement of these 


two elements are shown in fig. 8 of Pl. x1. 


In the arrangement of the peripheral nerves of Zesenocephala a remarkable 
feature is the large development of the nerve-cords which run forwards from the 
ganglion—this being co-ordinated with the presence of the tentacles, into the base of 


each of which a large nerve enters. * 


Posteriorly there are given off three pairs of longitudinal cords—a dorsal, a 
dorsi-lateral and a ventral. The first of these, which is smaller than the others, is 
superficial in position, lying immediately underneath the longitudinal layer of muscle. 
The two cords leave the cerebral ganglion at its posterior and lateral angles, and run 
backwards along the dorsal aspect parallel with one another, connected here and 
there by transverse commissures. Externally branches are given off at tolerably 
regular intervals; these ramify and the ramifications anastomose, giving rise to a 
network of nerve-branches extending outwards to the lateral border. In 7° guad- 
ricornis, if not in the others, there are occasional ganglion-cells in the course of these 
branches. 

* Weber (l.c. p. 23) remarks on the large size of these cords as represented in my fig. 6 of pl. xx.; but, though the 


whole of that figure is diagrammatic and intended only to show the general relations of parts in the genus, there is little 
exaggeration in this respect. 
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The diagram of the arrangement of the dorsal nerve-cords and their branches 
given in my former paper (Pl. xxi. fig. 12) represents what is observable in 
T. Nove-zealandie. In young specimens of 7. fasczata recently hatched the course of 
these nerves is readily followed, and their arrangement, which is subject, as regards 
details, to considerable variation in different individuals, is represented in fig. 1 of 
Plate xm. In 7. guadricornis the arrangement is, in all essential respects, the same. 
In a horizontal series of sections single fibres from the transverse branches are seen 
to be given off with considerable regularity in a vertical direction, so as to perforate 
the muscular layers, probably ending in the integument. 


The second or dorst-lateral pair of nerve-trunks, which are much larger than 
the dorsal, are situated much nearer the lateral border, and are more deeply placed, 
though much nearer the dorsal surface than the ventral, and just outside the vitelline 
glands and the testes. The third pair or vez¢va/ cords are the largest of the three. 
They curve round the pharynx and run along the ventral aspect in the angle between 
the testes externally and the intestines internally. Connecting the ventral and 
dorsi-lateral cords of the same side, and connecting the two ventral cords are 


numerous transverse com missures. 


Only two of these three pairs of nerve-trunks, the dorsi-lateral and the ventral, 
were observed by Weber. He remarks on this point, ‘‘ Was ich von den nach hinten 
laufenden Nervenstiimmen sehe, ist mithin in vollstiindiger Harmonie mit Haswell’s 
fig. 6 auf Taf. xx., passt aber nicht zu seer Beschreibung.” The figure to which he 
refers is a general diagram of the organisation of Zemnocephadla, and in this, for the 
sake of clearness, the dorsi-lateral cords are omitted. 


The arrangement of the nerves, and in fact the entire structure of the nervous 
system of Zemmnocephala, conforms very closely to that of Z7zstomum mole as 
described by Lang*—the chief difference consisting in the greater development of 
the nerve-cords that pass forwards from the ganglion. This arrangement of the 
principal nerve-trunks is, however, not confined to the ectoparasitic forms, a similar 
disposition being observable in some at least of the Digenca.t 


The system of visceral nerves which extend through the wall of the pharynx 
was previously overlooked. It forms a system of some little complexity, the general 
arrangement of which is represented in fig. 3 of Plate xu. In the course of some of 
the branches are bipolar ganglion-cells. 


Eyes are absent in 7. /heringzz. When present they have in all the species 
which I have examined the general structure which I have described as characterising 


* “ Ueber das Nervensystem der Trematoden,” ‘ Mittheilungen a. d. Zool. Station zu Neapel,’ II. Band. 
+ E. Gaffron ‘*‘ Zum Nervensystem der Trematoden.” ‘ Zool. Anz.’ VI. (1883). 
R 
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those of 7. fasciata. In this, as in several other particulars, the species described 
by Weber appears to be of simpler organisation: the eye in 7. Semperi he describes 
as a mere spot of pigment lying directly on the ganglion and enclosing two or three 
spherical bodies, which may be of a refractive nature. In the Australian and New 
Zealand species (Pl. x1. figs. 6, 7 and 9, and PI. xi. fig. 2) there is always a cup, 
deeper or shallower, of dense pigment (Z. c.), contained in which and projecting from 
whose mouth is a body of a light pink hue (~. 4.), which we may presume to be a 
refractive body. In the pigmented species the pigment-cup is completely continuous 
with the general pigment layers of the body. The contained body proves, when 
examined in sections, to consist of two distinct parts, differmg in their appearance 
and in their affinity for staining agents. The one part (c.), that which projects from 
the mouth of the cup, has the appearance of a nerve-cell closely applied to the mouth 
of the cup, and contains a nucleus. The other part, that which fills up the interior 
of the pigment-cup, is non-nucleated, and appears very minutely fibrillated; in 
some sections it presents the appearance of being partly divided in its deeper part 
into segments by means of a series of fissures. In 7° szznor (Plate xu. fig. 2) there 
projects through the aperture of the pigment-cup, round its margin, a circlet of short 
thick cylindrical (7) bodies continuous with the central substance in the cavity of the 
cup itself. Embedded in a mass of pigment which projects on the inner side of the 
pigment-cup there is in 7. fasceata and 7. Dendyi a spherical body, which in the 
fresh state appears very clear and glassy, and which does not readily colour with 
staining agents. It contains in its interior a large nucleus similar to that of one of 
the excretory cells. At the base of the cup are several nerve-cells (x. c.), one short 
process of each of which enters the eye; while the other is continued into a nerve 
fibre which enters the brain, forming a short optic nerve. 


Connected with the pigment-cup of the eye are bundles of fibres of the 
pig 

parenchyma muscle, which probably have the function of altering the position of the 

organ. Similar muscular strands have been described by Lang as connected with the 


eye in 7rtstomum. 


XI.—Mate Repropuctive OrGans. 


The genital cloaca is a dorsi-ventrally compressed median cavity, opening by a 
small transverse slit-like aperture in the middle lime of the ventral surface, a little 
distance in front of the sucker. It is lined by a continuation of the cuticle, epidermis 
and muscular layers of the general body wall. Into its interior on the left-hand side 
projects the cirrus, while on the opposite side is situated the female opening. 
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There are in all the species two pairs of testes, both laterally situated about midway 
between the dorsal and the ventral surfaces. Both testes are more or less oval in 





shape, with the long axes nearly parallel with the long axis of the body—the anterior 
somewhat more produced in 7. fasczata and ZT. minor than in the rest. In the two 
last-named forms and in 7. Dendyi both pairs are imperfectly divided externally by a 
series of slight constrictions or depressions corresponding to the series of transverse 
bands of the parenchyma muscle (vzde Plate xiv. fig. 1). In the rest the testes are 
completely undivided. They are coinpletely invested by a thin fibrous layer, which 
is, in great part at least, muscular. From the posterior end of the anterior testis 
there runs back a narrow efferent duct, which is continuous behind with the posterior 
testis. The true vas deferens arises from the posterior testis, and the spermatozoa 
from the anterior testis must pass through the substance of the posterior. Both 
efferent duct and vas deferens are lined by a very thin continuation of the fibrous 


investment of the glands. 


The two vasa deferentia unite at a point to the left of the median line, in front of 
the genital opening into a large oval or pyriform sac—the vesicula seminalis (Bly xan 
noise kx he.21): Pl xiv. fig 2 and) Pl xv. figs. 1 and 3, v. s.). In the 
terminal part of the vas deferens, which is more dilated than the rest, there is a 
distinct protoplasmic layer, not divided into cells, and with nuclei at long intervals, 
internal to the fibrous investment, and both those layers are continued in the wall of 
the vesicula seminalis. The lumen of the vesicula seminalis is nearly always full of 
spermatozoa, which exhibit slow, coiling, streaming movements. 


In certain of the species —7. minor, T. Dendyt, T. comes, T. Senyperi—there 1s 
on the left side of the seminal vesicle opposite the base of the cirrus a coecal pouch 
(e. s.), which, in the Australian forms mentioned, is of considerable size, club-shaped, 
somewhat curved. In 7. fasczata it is scarcely constricted off from the bulb-like base 
of the cirrus. In 7. Sener? it is described and figured by Weber* as a short rounded 
sac. Weber describes it as “ gland-like,” but the structure of its wall is precisely the 
same as in the case of the vesicula seminalis—-with an external muscular investment 
and an internal protoplasmic layer, without cell-outlines, and with a very small 
number of prominent nuclei. It usually contains a small number of actively-moving 
spermatozoa; and as the contraction of its walls was observed repeatedly to be 
followed by the protrusion of the penis and sometimes by the discharge of seminal 
matter from the extremity of the latter, it may be most appropriately named 


ejaculatory sac. 


The cirrus, or penis, is a tubular organ, continuous with the ejaculatory sac and 
vesicula seminalis. It lies always on the left side and is directed obliquely inwards 


* Weber, /.c. Taf. 1. fig. 1, p. 13. Semper gives a similar account of it and terms it prostate. 
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towards the genital cloaca, into which it projects. In shape it varies very much in 
the various species, but in all it is wider—sometimes very much wider—at the 
proximal than at the distal end, and it is invariably armed at the extremity (except 
in 7. Lngez) with a number of sharp chitinous spines. The organ is supported in 
the greater part of its length by a firm chitinous piece, which has the form just 
mentioned —tubular, but much wider proximally than distally. Lining this internally 
is a protoplasmic layer, continuous with that of the vesicula seminalis and of 
precisely similar character, though somewhat thicker. Closely investing the 
chitinous piece externally is a layer of muscular fibres, consisting of two strata, an 
external longitudinal and an internal circular, continuous with the muscular investment 
of the vesicula seminalis and ejaculatory sac. A short terminal part of the cirrus 
differs from the rest of the organ in having a flexible wall, so that it can be 
invaginated and evaginated ; this may be termed the introvert of the cirrus. This is 
continuous with the wall of the cirrus sac; internally it bears a number of pointed 
chitinous hooks or spines, the size, form and arrangement of which vary with the 
species. In certain of the species there is internal to those a single large median 
spine, perforated at its extremity (7. Dendyz, Pl. xu. figs. 7 and 11), or a group of large, 
solid, curved and pointed spines (7. guadrvicornis, Pl. xu. fig. 10). These are terminal 
when the cirrus is protruded ; and while the smaller spines would appear to have the 
function of fixing the end of the evaginated cirrus during copulation, the larger spines 
seem adapted to effect perforation, and perhaps enable the cirrus to be used as a 
weapon. 


Connected with the male reproductive apparatus are a number of glands (PI. xiv. 
fig. 1, and Pl. xv. fig. 1, Av.), the secretion of which contains minute spherical, highly- 
refracting particles, about ‘0014 mm. in diameter in 7. fasczata, of a light yellow colour, 
each enclosed in a spherule of clear uncolourable matter. The cells secreting these 
are closely associated with the tentacular and acetabular glands, but are readily 
distinguishable from them, not only by the nature of the secretion, but also by the 
fact that several cells always completely coalesce to form a pluricellular gland with a 
single duct. They are mainly to be found in two groups on each side—one situated 
between the two testes, the other behind the posterior testis ; but they extend as far 
forwards as the excretory vesicle. These glands (Pl. xu. fig. 4) are usually about +25 
to 3 mm. in long diameter in 7. /fasctata, each consisting of several cells, the 
boundaries of which have completely disappeared ; the nuclei are about ‘014 mm. in 
diameter and are similar in character to those of the integumentary glands, but 
usually somewhat smaller and with a thinner nuclear membrane. The ducts (PI. xu. 
figs. 5 and 6) have very thin transparent walls, and can only be traced by the granules 
which they contain; they frequently branch and anastomose. Two main strands of these 
ducts—an anterior and a posterior—unite on each side near the point where the vas 
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deferens leaves the posterior testis. From this point they run nearly transversely, 
close to the vas deferens, until they reach the dilated bulb of the cirrus, into which 
they open. In 7. Dendyz the strands of ducts combine as they near the base of the 
cirrus and end in a dilatation (PI. xu. fig. 7, 2 g. 2. and 7 g. ~.), in which the rounded 
particles become aggregated together into irregular clumps. In the others the 
aggregation appears to take place in the interior of the bulb of the cirrus itself. 

In the Rhabdoceles glands of this kind (the so-called “ Kérnerdriisen,” or 
“prostate glands”) are of general occurrence, and v. Graft’s account of them in that 
group would apply fairly well to Zemnocephala. In certain Trematodes similar glands 
have also been found. Saint Rémy* describes them as occurring in the 772stomide. 
and the Udonelide -—“ Chez les Tristomides et les Udonellides (et aussi chez 
Calicotyle dapres Wierzejsky) il existe des glandes spéciales séerétant un liquide 
destiné & se méler aux spermatozoides : dans ces deux familles ces glandes prostatiques 
déversent leur produit dans un réservoir communiquant avec le canal ejecteur 
(vesicule prostatique) 
not described. 


” 


But the position and histological structure of the glands are 


XII.—Tue SperMaroGEnsgsis. 


The spermatogenesis was studied in specimens treated by a variety of different 
methods. The best results were got by treating fresh specimens with methyl green ; 
and by sections and teased preparations fixed by Flemming’s method and stained with 
alum-cochineal. The former method was found very useful for other elements as 
well—the mode of procedure being as follows:—A live specimen was placed on a 
slide with the ventral surface upwards and covered with a cover glass so as to be 
slightly compressed. Watery solution of methyl green containing a little acetic 
acid was run in, allowed to act for an hour or more, and then washed out with water 
acidulated with acetic acid. A slight compression might then be required in order to 
cause the discharge of the contents of the testes. Good results were also obtained 
by staining hardened specimens with picrocarmine and teasing out in dilute glycerine. 


The mode of development of the spermatozoa differs somewhat from what is 
observable in other Trematodes. In sexually immature individuals the testis consists 
of a mass of cells about ‘015mm. in diameter (PI. xu. fig. 1) with large nuclei with a dense 
network of chromatin and two small nucleoli, and with a comparatively small amount 
of cytoplasm. In the mature testis spherical or sub-spherical masses of cells, about 


* Comptes Rendus, T. CXVII. (1891), 
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‘04 in diameter in 7. fasczata, derived from these mother cells (PI. x1. fig. 2) are to 
be found here and there scattered through the substance of the testis among the 
developing spermatozoa. By successive divisions accompanied by mitosis these give 
rise to large numbers of cells in which in successive stages the nuclei become reduced 
and the cytoplasm increases somewhat in relative amount. <A stage in this process 
of division is represented in fig. 3. Except in the earliest stages there is no central 
connecting mass or cytophore. This absence of a distinct eytophore agrees with the 
results of Monticelli’s observations on the spermatogenesis of Trematodes in general. 
(“Della spermatogenesi nei Trematodi,” ‘ Bolletino della Societa di Naturalisti in 
Napoli,’ Serie 1, Anno 5°, Vol. 5°, 1891, fase. 2°.) Finally the stage represented in 
fig. 4 is attained in which the Sfermatidia have become formed. Each of those, 
about ‘01mm. in diameter, has a small spherical nucleus (003mm. in diameter) of very 
dense, almost homogeneous, appearance, embedded ina very finely fibrillated cytoplasm, 
the whole having a somewhat irregular (usually more or less pyramidal) shape. In 
the next stage the nucleus of the cell becomes approximated towards one side of the 
cell, and develops a process which projects freely from the surface. This process 
gradually increases in length (figs. 5 to 9) until the whole nucleus assumes the form 
of a slightly curved, pointed rod with its base embedded in the mass of cytoplasm. 
It then becomes drawn out more and more (figs. 10 and 11), and at the same time 
somewhat bent so as to resemble a drawn-out letter S. One end of it—that embedded 
in the eytoplasm—has from the first been thicker than the other, and later on 
presents a distinct rounded swelling, the remainder gradually becoming more and more 
attenuated and increasing greatly in length. The swelling gives rise to the head of 
the spermatozoon. As this approaches maturity the contaimed chromatin comes to 
be arranged in the form of a symmetrically folded thread enclosed in a delicate 
membrane and continuous with the axis of the tail of the spermatozoon. At the 
same time there are developed from the posterior aspect of the head a pair of 
extremely long and slender vibratile cilia by whose vibrations the principal 
movements, if not all the movements, of the spermatozoon are brought about. The 
tail of the ripe spermatozoon is no less than ‘2mm. in length in 7: fasczata and about 
the same in 7. mznor,; the head 0:005 in diameter; the cilia ‘015mm. in length. 
In 7: Dendyi the length (about ‘7mm.) is even greater—about a sixth or so of the 
total length of the animal! The shape of the head varies considerably ; normally it 
is rounded, but it is often found to have an elongate form. In 7. Dendy7 the tail, 
excessively fine at the head end, gradually thickens towards the opposite extremity. 
At this end there is frequently a thin membrane-like expansion or a rounded, finely 
granular mass, in which the extremity of the tail is embedded; this becomes absorbed 
when the spermatozoon is quite mature. Running through the thicker part of the 
tail is a fine spiral line which appears to be formed by the spiral twisting of the 


delicate axial rod of nuclear material. 
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From the mode of development described above it follows that not only is the 
chromatin of the head of the spermatozoon derived from the nucleus, but also an axial 
fibre in the tail. A somewhat similar elongation of the nucleus is described by Jensen 
as taking place in Plagzostoma vittatum.* 


In the main features of their spermatogenesis there appears to be a general 
agreement between the Monogenetic Trematodes and the Rhabdocceles ; and in these 
main features Zemnocephala agrees with both. In all a rounded mass of cells— 
sperm-morula, or spermatogemma—is formed by mitotic division of the primitive 
cell. In some cases—Plagzostomide and some Monogenea—these are connected with 
a central nucleated or non-nucleated mass or cytophore ; in other cases this is absent, 
and the mass of cells contains a central space. In each of these cells—spermatocytes 
becoming spermatidia—it is the nucleus that plays the important role in the formation 
of the spermatozoon—the cytoplasm forming a thin investment, together with any 
appendages that may be present. The precise way in which the nucleus becomes 
modified to form the main part of the spermatozoon varies, however, very widely ; 
and its history as we trace it in 7emnocephala is highly characteristic, and differs 
considerably from anything that has been observed in either group.t 


XIII.—Femare Repropuctrive Oreans. 


These consist of ovary, receptaculum seminis (or, better, receptaculum vitelli), 
oviduct, uterus, vagina, vitellime and shell-glands, together with the unicellular 
glands already described as opening on the ventral surface around the genital 
opening. 


The ovary (Pl. xiv. fig. 2, ov. ; Pl. xv. figs. 1 and 2, 0.)f is an oval body about 
‘15 to ‘25 mm. in length, situated on the right of the median line, with its long axis 
directed obliquely. It consists of a solid mass of ova enclosed in a capsule of 
muscular fibres, the ova towards the right-hand end being small, polygonal and 
immature, those at the left extremity being fully mature. Each ovum, with the 
exception of those at the right end, is a narrow pyramid about -083 mm. in length, 
passing transversely through the entire thickness of the ovary. The protoplasm 
contains a few spherical brightly refracting particles and a large nucleus, in which, in 
the living condition, streaming movements were observed to take place. 


* ** Recherches sur la Spermatogenése.” ‘Arch, de Biologie,’ IV. (1883). 


t Vide v. Graff, /.c. p. 156; Bohmig, /.c. p. 286; Wright and Macallum, /.c. p. 38; Braun, /.c. p. 470; Jensen, 
‘Recherches sur la Spermatogenése,” ‘ Arch de Biol.’ IV. (1883) ; Monticelli, ‘‘ Della Spermatogenesi nei Trematodi,” 
‘ Bolletino della Societa di Naturalisti in Napoli,’ Vol. 5° (1891). 


$ See also former paper, Pl. xxu. fig. 11. 
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Max Weber’s account of the ovary in 7. Semper7 differs considerably from the 
above. He speaks of it as spherical, and describes and figures the ova as polygonal in 
shape. In these respects his species would seem to differ not only from all the 
Australian and New Zealand species, but also from that from Brazil, so near an ally 
of 7. Senpert in other respects. 


The oveduct* is a rather narrow, curved tube leading from the ovary and 
receptaculum vitelli to the uterus. Its walls are muscular, containing an external 
circular and an internal longitudinal layer of muscular fibres. The lumen is lined by 
a non-nucleated layer of a material which is probably protoplasmic. 


The sac formerly called by me veceptaculum seminis (r. v.), and similarly named 
by Weber, is a median more or less ovoid or ellispsoidal sac, which is situated in the 
middle line in a deep bay in the posterior wall of the intestine. It varies immensely 
in size, according to circumstances. When not greatly distended, it has a tolerably 
thick protoplasmic investment of a granular character, exactly similar to the 
corresponding layer in the vesicula seminalis, with a small number of large nuclei. 
This is clothed externally with a thin layer of muscular fibres. When the sac is 
distended the wall becomes relatively thin. 


As to the function of this receptacle; I had noticed spermatozoa in it in living 
specimens ; and finding it in sections full of granular matter, I supposed this to be a 
mass of altered spermatozoa, and decribed the sac in my former paper as always full 
of spermatozoa. An examination of living specimens of the more transparent 
species during the period of sexual activity has, however, since shown me that this sac 
is really a yolk receptacle. Towards the period when aripe ovum is to be discharged, 
the receptacle becomes filled with yolk matter, which greatly distends it, until it 
assumes nearly the size of the mature egg. Surplus spermatozoa are to be found 
mixed with this mass, probably together with surplus prostate secretion. 


The uterus (ootype) (2¢.) resembles the oviduct in structure, but is wider and has 
thicker walls. When it contains an egg it becomes enormously distended and the wall 
becomes thinned out. Into its interior open the ducts of the shell-glands.+ The 
latter are unicellular glands of large size and irregular shape, situated around the 
uterus, each with a single large nucleus, and with a duct which is simply a long and 
narrow process of the cell terminating by perforating the wall of the uterus, where 
it presents a little vesicular enlargement acting doubtless as a receptacle for the 
secretion. A few of the shell-glands open into the distal part of the oviduct. 


* See former paper, Pl. xxi. fig. 12. 
+ Former paper, Pl. xxu. fig. 13. 
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The vagina in Zemnocephala is simply the passage leading from the ootype to the 
genital cloaca, by which the egg passes to the exterior, and into which, probably, the 
cirrus is received in copulation. In general its walls, though less muscular, resemble 
those of the uterus ; but in the New Zealand species (PI. x1v. fig. 3) the structure is 
very remarkably modified. Here the vagina is a rounded muscular organ of 
relatively large size, forming, next to the cirrus, the most conspicuous part of the 
reproductive apparatus. Its walls consist of two great masses of muscular fibres, and 
on its inner surface are a great number of larger and smaller pointed chitinous teeth. 


Unless 7. Semferi is very unlike the Australian forms, Max Weber has fallen 
into an error in confounding together the ootype and the genital cloaca, and 
describing and figuring them as one cavity.* He has therefore interpreted wrongly 
the position of the shell-glands and their ducts. He says (p. 16)—‘ Schliesslich 
geht der Oviduct in den Uterus iiber, nachdem er sich vorher mit dem Cirrusbeutel 
vereinigt hat, der schriig in ihn ausmiindet. Obwohl wir es mithin von jetzt ab mit 
einer Geschlechtskloake zu thun haben, durch die der Cirrus sowohl nach aussen 
gebracht als auch die Kier abgefiihrt werden miissen, méchte ich dennoch einen in die 
Quere erweiterten Raum, der kurz vor dem Genitalporus—der Ausmiindung der 
Geschlechtskloake—liegt, Uterus nennen.” 


A number of the unicellular glands open on the surface immediately around the 
5 
genital opening as already described. The ducts of these glands are not always 
distinguishable, as they are not readily to be seen unless the secretion is passing 
through them ; when this is the case they become extremely conspicuous in sections 
5 ? 
being very numerous, situated close together, and presenting here and there little 
5 ? co) 
dilatations. It is probable that these glands have the function of secreting the 
viscid material by means of which the eggs after they are discharged are affixed 
together and to the surface of the Crustacean. Weber ascribes this function to a 
group of strings of cells opening immediately round the genital opening. There are 
no such structures in the Australian species. 


The vitelline glands (PI. xv. fig. 2, v.) attain a high grade of development in 
the Zemnocephalee. They are closely adherent to the intestine, and cover nearly the 
whole of its dorsal surface, extending round the margins to encroach more or less on 
the ventral surface also. They consist of a series of narrow lobes, which anastomose 
occasionally so as to form an irregular network. In certain of the Australian species 
the lobes are arranged in irregular transverse lines following the divisions of the 
intestine, and thus presenting a rudimentary metameric arrangement. In longitu- 
dinal sections it is found that the muscular septa of the intestine pass outwards 


* Loc. cit. p. 16: Tab. 1. fig. 1, and m1. fig. 11. The same error, if it be an error and not a specific difference, is 
committed by Semper. 
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between these transverse lobes of the vitelline gland, separating them from one 
another with some degree of regularity. In 7. Sempert, T. /heringi and certain of 
the others this disposition, in accordance with the absence of the rudimentary septa, 
is not observable—the arrangement being quite irregular. On either side there is 
given off behind a thin-walled duct which runs inwards and backwards and eventually 
opens with its fellow into the oviduct close to the ovary and receptaculum vitelli. 


As regards the minute structure: the lobes consist of large irregular cells with 
a tendency to a radial arrangement round the axis of the lobe. The protoplasm of 
the cells contains large granules. Frequently spaces appear between the adjacent 
cells, sometimes uniting to form a central cavity: these are irregular and are 
apparently formed by the breaking down of portions of the cells to form the 
secretion, the particles of which find their way, apparently, through these irregular 
spaces to reach the duct. 


XIV.— Repropuction. 


Self-impregnation is quite possible in Zemnocephala. The cirrus is capable of 
being protruded far enough to penetrate into the uterus. The elaborate arrangement 
of spines which, inverted when the cirrus is at rest, bristle outwards from the end of 
the organ when it is protruded, obviously subserve copulation; but their great 
development in some of the species would seem rather to indicate cross- than self- 
fertilisation, since in the latter process they would not appear to be necessary. Telling 
still more strongly in favour of the view that cross-fertilisation takes place, is the 
presence in 7. NMove-zealandie of the remarkably powerful muscular vagina with its 
formidable array of teeth already described—a structure which can only have been 
developed with a view to retaining the cirrus of another individual until the 
spermatozoa had been discharged. In two instances I have found on examining 
series of sections of 7. Dendyz that the specimen had been killed with the penis 
protruded through the genital aperture.* The preponderance of evidence would thus 
seem to be in favour of the occurrence of cross-fertilisation. 


During the period of sexual activity large quantities of spermatozoa are developed 
in the testes, and are constantly passing along the vasa deferentia. They accumulate 
in the sperm-sac, which they greatly distend, and in the interior of which they 
circulate with slow streaming movements. A few at a time pass into the ejaculatory 
sac, where they become very active. The contraction of the ejaculatory sac is always 
followed by the protrusion, to a greater or less extent, of the cirrus, accompanied 


* One of these is figured in fig. 7 of Plate xm. It may, however, have been in the act of being used as a weapon, 
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sometimes by discharge of spermatozoa and of the secretion of the “prostate” glands. 
I have never observed the act of copulation; but I have found in many specimens the 
uterus and oviduct to contain actively-moving spermatozoa; in some of those the 
uterus and oviduct were undergoing strong peristaltic contractions, tending to drive 
the spermatozoa forward. In such specimens, before an ovum has become discharged 
from the ovary and impregnated, the large sac usually termed receptaculum semints 
is greatly distended with a mass of yellowish semi-fluid material. This consists 
mainly of the secretion of the yolk glands, but in the midst of it may be seen here 
and there movements indicating the presence of spermatozoa; apparently the overplus 
of spermatozoa, and very possibly that of the secretion of the prostate glands, forms a 
contribution to the accumulating mass of yolk. The so-called veceptaculum semtnts 
is thus more correctly to be termed veceptaculum vitell. When it is full its contents 
form a bulk the size of the uterine egg. In the next stages which I have observed 
this mass of yolk has become transferred to the uterus enclosing the impregnated 
ovum, which has meantime become discharged from the ovary—the vreceptaculum 
viteli in such a specimen being contracted and empty. The mass of yolk, with the 
impregnated ovum, is of great relative size and greatly distends the uterus, displacing 
the neighbouring parts to a considerable extent. Here it becomes enclosed in a 


chitinoid shell. 


Considerable variation occurs in the form and mode of attachment of the egos 
in the various species. In 7. Nove-zealandie the somewhat pear-shaped eggs are 
attached by a short stalk connected with the narrower end, and when the embryo is 
mature the shell is ruptured by an annular dehiscence, so that a sort of lid is separated 
off and a goblet-shaped body remains attached to the crayfish. The same holds good 
of 7: minor. In 7. fasctata numbers of the oval eggs adhere together and to the 
surface of the crayfish by means of a layer of hardened secretion in which they are 
embedded ; they lie flat on the surface, and on one side about the middle there is a 
short, slender stalk, which, however, does not serve for attachment. 7. guadricornis 
presents a similar arrangement; the egg is much broader at one end than at the 
other, and towards the end is a rudimentary stalk. In 7: Semper there is only a 
shght rudiment of a stalk, and the eggs are cemented singly to the surface by one side, 


Monticelli* describes in a species of Zemmnocephala which he regards, though he 
does not give his reasons for the determination, as 7. chz/ensis, a very remarkable 
arrangement of the ova. They are pear-shaped, and a slender, flexible stalk of varying 
length connects them together two and two by the narrow ends ; an operculum was 


not observed. 


* “ Breve nota sulle uova e sugli embrioni della T'emnocephala chilensis Bl.” ‘ Atti della Societa Italiana di scienze 
naturali,’ Vol. XXXII. 1889. 
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XV.—Systematic Account oF THE GENERA AND SPECIES. 


Family TEMNOCEPHALE. 


In order to include the new genus Crasfedella it will be necessary to alter still 
further Braun’s modification* of my original diagnosis of the family. 


Monogenetic Trematodes (?) with dorsi-ventrally compressed body provided in 
front with four to twelve long, slender tentacles. No anterior sucker, but a large 
posterior one, devoid of hooks or marginal membrane and only exceptionally distinctly 
radiated. The integument consists of distinct cuticular and epidermal layers, with a 
basement-membrane. The epidermis is nucleated, but not divided into cells; in some 
cases it is ciliated. In most instances there is below the basement-membrane more 
or less pigment. Mouth situated some little distance behind the anterior end of the 
animal or the bases of the tentacles; a powerful spheroidal muscular pharynx in 
Temnocephala but not in Craspedella; the intestine unbranched, but in most of the 
species constricted at regular intervals by a series of imperfect septa. A pair of 
contractile excretory sacs with dorsal and anterior openings. yes usually, though 
not invariably, present. A single genital opening situated near the sucker; a genital 
cloaca into the cavity of which the protrusible cirrus projects and into which opens 
also the efferent duct of the uterus (here called vagina), which sometimes contains 
chitinous teeth. Ovary oval, elliptical, or spherical ; a large receptaculum seminis or 
receptaculum vitelli; vitelline glands consisting of numerous lobes extending over the 
dorsal and lateral walls of the intestine. Two pairs of compact testes ; a chitinous 
cirrus armed with spines at the extremity. Eggs with stalk-like appendages, by 
means of which they are sometimes attached ; dehiscing sometimes by the separating 
off of an operculum-like part of the egg-membrane. 


Genus TEMNOCEPHALA, Blanchard. 


A number (four to twelve) of slender tentacles confined to the anterior extremity 
of the body. A large muscular pharynx. No posterior fringes or papille. 


* Lic. p. 524. 
+ Lic. p. 299. 
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1, TemnocePHALa FasciaTa. Plate x. figs. 1-3, 5 and 6, 13-16; Plate x1. figs. 2-4, 8 and 
9; Plate xu. figs. 1, 4-6; Plate xi. figs. 12-14; and Plate xiv. fig. 1. 


Temnocephala fasciata, Haswell, l.c. p. 284, pl. xx. figs. 1 and 2. 


This is one of the largest forms, attaining sometimes, when extended, a length of 
more than half an inch. It is also one of the most highly organised. 


The body is strongly pigmented on both dorsal and ventral surfaces, the 
former being much the darker. The principal layer of pigment is situated below 
the basement-membrane of the integument, and superficial to the layer of longitudinal 
muscular fibres, and is arranged in an exceedingly fine and close network; but pigment 
also occurs on a deeper plane, internal to the longitudinal muscular layer. There are 
five subequal slender tentacles. The intestine presents a considerable number of 
constrictions with transverse muscular bands (“septa”). The testes are somewhat 
oval in shape, the anterior situated nearly opposite the middle of the intestine, the 
posterior nearly opposite the genital opening. The cirrus is strongly curved, and 
has a very definite introvert, which is considerably thicker than the part of the cirrus 
immediately preceding it; it contains a large number of close-set, stout, pointed spines. 
The vitelline glands spread over the dorsal surface of the intestine and extend also 
some distance on the ventral surface; their lobes have a tendency to become arranged 
in transverse rows. There are no teeth in the vagina. 


Temnocephala fasciata occurs on the surface of the widely-distributed A stacopszs 
serratus, the largest of the Australian crayfishes; and I have obtained specimens of 
the parasite from various parts of the Blue Mountains, as well as from streams in the 
coastal districts from the Richmond River in the north to the Yarra in the south. I 
have never noticed a live specimen of the crayfish, small or large, recently removed 
from the water that did not harbour more or fewer specimens of 7. fasczata. Usually 
there are many dozens on each crayfish. The specimens of Astacopsts serratus from 
different localities differ a good deal as regards colouration and other minor points; 
but except as regards slight differences in the arrangement of the lighter and darker 
zones, which does not always conform to the description previously given by me, the 
Temnocephale present little appearance of variation. 


Together with Zemnocephala fasciata, and closely resembling the young of that 
species, were found two examples of a distinct form. They were both very small, 
only about 2mm. in length, but were in a much more advanced stage of development 
than are the young of 7. fasczata when of that size. In the latter the reproductive 
organs are entirely undeveloped. In the form under consideration, though there 
were no fully developed spermatozoa and the ovary was not seen, the male repro- 
ductive ducts with the vesicula seminalis and cirrus were fully formed, as were 
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the oviduct and yolk reservoir. The cirrus (Plate xt. fig. 14) was entirely unlike 
that of 7: fasczata, closely resembling that of the New Zealand species, only slightly 
curved, and with but a small introvert with exceedingly fine spines. The oviduct 
(vagina) had a zone or circlet of what appeared like rudimentary chitinous teeth. 


2. TemnocerHata comes. Plate xu. figs. 15 and 16. 


This species is a good deal smaller than 7° fasczata, and is at once distinguishable 
from it by the absence of pigment, giving the animal an opaque white appearance, 
and by the invariable presence of six tentacles. The eyes also are much smaller than 
in 7. fascrata, but in most other external features there is a tolerably close 
resemblance. In the internal organisation the chief difference is in the form of the 
introvert of the cirrus, as represented in figures 15 and 16. Both pairs of testes, 
which are small and rounded, are situated far back—one close to the posterior border 
of the intestine, the other behind the latter altogether. This species lives side by side 
with 7. fasctata on the surface of Astacopsis serratus, but usually about the bases of 
the appendages and in the crevices. When I wrote my previous account of ‘Temno- 
cephala, I took those for the young of 7. fasczata, and a batch of their eggs containing 
six-tentacled embryos for the eggs of the latter species ; I was therefore led to the 
conclusion that the latter form had six tentacles when it emerged from the egg and 
was devoid of pigment, whereas in the species in question the pigment appears before 


the young Trematode leaves the egg, and there are from the first only five tentacles. 


The eggs of the present species are of similar shape to those of 7. /fasczata and 
little, if at all, smaller ; in several cases an egg was found zz wtevo. A good many 
specimens were found to be abnormal in the structure of the reproductive organs, and 
many of them had parasitic Nematodes or their eggs or embryos lodged in the testes, 
the receptaculum seminis or the uterus ; one was found without any eyes, in another 
the eye was only developed on one side. In most of the larger forms the alimentary 
canal contained a red granular matter ; in the smaller individuals the contents were 
simply mud, with numerous sand-grains, diatom-valves, &c. ; and in none were there 
found the entire small Arthropods that form the principal food of 7. /asczata and 
T. minor. 


3. TEmNocePHaLa Minor. Plate xu. figs. 2, 8 and 9; Plate xv. fig 1. 


Temnocephala minor, Haswell, l.c., p. 284, pl. xx. figs. 4 and 5. 


This is a comparatively small species, being rarely, when fully extended, more than 
a fifth of an inch in length, and being relatively slender. There are, as in 7. fasczata, 
five subequal tentacles. The general colour is grey. The pigment, which is almost 
entirely confined to the dorsal surface, is disposed in a network of narrow lines with 
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meshes of irregular shape, not covering the whole surface, but leaving considerable 
spaces entirely free. The pigment-cups of the eyes appear as a special condensation 
of the pigment, continuous with the general network. A noteworthy feature of the 
integument already alluded to is the presence of vibratile cilia in the region behind 
the tentacles. The alimentary canal has seven or eight well-marked constrictions, 
which correspond with incomplete muscular septa. The anterior testis extends a 
little further forward than the middle of the intestine. The posterior testis has its 
anterior end considerably in front of the posterior end of the latter; its posterior 
end is a little behind the genital aperture.* Both testes are very distinctly divided 
laterally into lobules by transverse incisions. There is a well-developed, narrow, 
curved ejaculatory sac, which is sometimes as long as the cirrus. The latter (Pl. xu. 
fig. 8) is very gently curved, wide at the base, narrowing distally, with a very definite 
terminal segment or introvert, wider than the part of the organ which immediately 
precedes it, and containing on either side a large number of fine spinest. There are 
no teeth in the vagina. 


This species occurs on the surface of the widely-distributed small Australian 
crayfish—A stacopsts bicarinatus—of which it is aconstant companion. Its habits are 
similar to those of Z. fasciata. The pear-shaped eggs, supported on short stalks, are 
attached most commonly to the sternal surfaces of the abdominal segments of the 
crayfish, sometimes to the lateral parts of the cephalothorax, or the bases of the 
antennules, eye-stalks and antenne. 


4. TemnocepHaLa Denpyi. Plate x. figs. 8, 12, 17 and 18; Plate xu. figs. 5 and 6; 


Plate xu. figs. 7 and 11; Plate xi. fig. 1. 


This species is usually somewhat larger than 7. mznxor and rather broader in 
proportion to its length (about ‘5 em.), It is entirely devoid of pigment, with the 
exception of a few scattered granules in the eyes ; the eyes are smaller than in 7. 
minor, With shallower pigment-cups, the openings of which are directed outwards. 
In other respects the general external appearance is similar to that of the latter 
species, and there are five tentacles. In internal structure also there is a very 
considerable resemblance. There are ten to twelve constrictions in the intestine. 
The chief internal difference is in the male reproductive apparatus. The posterior 
testis is situated much further back than in 7. mznor, its anterior border being about 
on a line with the generative opening. Both testes are lobed. The vesicula 
seminalis is much narrower. But the most important difference is in the cirrus, 


* These relations vary a good deal, naturally, according to the condition of the specimen. 


+ The Nos. of figs. 9 and 10 of Pl. xxir. in my former paper have been inverted ; fig. 10 is intended to represent the 
cirrus of 7’. minor, but none of the cirri, except that of 7. fasciata, are adequately represented, the arrangement of the 
spines not having been understood. 
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which is relatively longer and narrower than in 7. mzxor, wants the terminal 
dilatation, and is provided with a median sharp-pointed spine, usually retracted, so as 
to be contained within the lumen of the introvert, but everted when the cirrus is 
protruded. In addition the introvert is armed with a very large number of small 
spinules, which bristle out when the terminal spine is protruded. The lobes of the 
vitelline glands are comparatively few and large. The ducts of the prostate glands 
are very large, and are dilated where they open into the basal bulb of the penis, so as 
to form a sort of reservoir for the secretion. 


This species occurs along with 7: mzxor on the surface of Astacopsis bicarinatus, 
both in New South Wales and Victoria. The differences mentioned above, though 
not very extreme, were found quite constant throughout the large number of 
specimens examined. The two species differ widely also, as already mentioned, in the 
nature of the eggs and the mode of their attachment. They are not stalked in 7: 
Dendyi and are attached most commonly to the inner wall of the branchial chambers, 
sometimes to the bases of the gills. 


T. Dendyz is often found in considerable numbers in the branchial cavities of the 


erayfish. 


5. TEMNOCEPHALA QuaDRIcoRNIS. Plate xu. fig. 10, and Plate xiv. fig. 4. 


Temnocephala quadricornis, Haswell, lc. p. 284, pl. xx. fig. 3. 


This, the only Tasmanian species I have seen, is at least equal in size to 7. 
fasciata. It is of a dark brown colour, finely mottled. Its most striking external 
feature is the presence of only four tentacles, the median one (or two) present in the 
other species being replaced by a short, broad dorsi-ventrally compressed lobe with a 
convex anterior border. The sucker is very distinctly radiated, and is relatively 
rather larger than in 7: fasctata. The internal organisation is similar to that of the 
last-named species, but there are fewer constrictions in the intestine (seven or eight); 
both pairs of testes are situated further back—the anterior, which is round and 
undivided, being behind the middle of the intestine, and the posterior, which is 
rather larger and bilobed, being situated somewhat behind the genital cloaca; the 
introvert of the cirrus is smaller, and its spines, instead of being nearly uniform in size, 
and shape or gradually increasing in length from without inwards, are arranged in 
three distinct sets: a set of many short acute spines, which closely beset the outer 
part and bristle outwards when it is everted; a small number of blade-like, pointed 
spines a good many times the length of those of the first set; and a limited number of 
slender spines intermediate in length between those of the first two sets and slightly 
hooked at the ends. The last two sets must be extended like the median spine of 7; 
Dendy when the cirrus is fully protruded. 7° guadricornts occurs on the surface 
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of the large crayfish (Astacopsis Franklinit) that frequents the northern rivers of 


Tasmania. 


My specimens of 7. guadricornis have not been very well preserved for minute 
investigation ; but they show some marked peculiarities in the histology when 
compared with the other species. One remarkable feature is the large size of the nuclei, 
and their possession of closely coiled chromatin threads, unlike the nuclei of the other 
species. The cuticle is relatively thin; the epidermis very thick, especially on the 
dorsal surface, and with a very coarsely fibrillated appearance. In sections of parts 
where the rhabdites are passing out, nearly all these fibrillee prove to represent pore- 
canals, which are here very numerous, and, apparently, are quite devoid of the spaces 
found in the other species. The pigment is in larger and smaller rounded granules 


between and beneath the muscular layers. 


6. TemNocePHALA JHERINGH. Plate x. fig. 19, and Plate xv. fig. 2. 


In general shape this species is similar to 7. fasciata and 7. minor. The body 
is dorsi-ventrally compressed, convex above, flat or slightly concave below, of an oval 
outline when looked at from the dorsal or the ventral side. In front are five subequal, 
dorsi-ventrally compressed tentacles. On the ventral surface behind is a sucker of 
circular outline, the margin of which projects backwards a little beyond the posterior 
border of the body, elevated on a short stalk. The mouth is a short, transversely 
directed slit situated on the ventral surface some distance behind the bases of the 
tentacles. The common genital aperture, in the form of a much smaller slit, also 
transverse, is situated some distance in front of the anterior border of the sucker. 
The integument is entirely devoid of pigment, and there are no eyes. 


The pharynx is globular in shape, a little less than the breadth of the body. 
The intestine is squarish in outline ; its walls are folded, but the deep incisions by 
which in the Australian species it is divided laterally are not present, the muscular 


septa being absent. 


The testes are oval, situated close together, altogether behind the intestine, the 
more anterior, which is also more external, having its centre nearly opposite the 
common genital opening. The two vasa deferentia open into the dilated base of the 
cirrus, which forms a vesicula seminalis. The cirrus is nearly transverse in position, 
the free extremity reaching to the middle line. It is funnel-shaped, the wide end 
being continuous with the wall of the vesicula seminalis. At the free end is a 


slight enlargement, probably containing spines. 


The vitelline glands have no tendency to an arrangement in transverse zones, 
such as is discernible in some of the other species. They form an irregular network 
T 
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ramifying over the dorsal surface of the intestine, pass round its lateral borders and 
extend inwards for some distance on the ventral surface. 


The receptaculum seminis is of oval outline, with thinner walls than in the 
Australian species. It is situated a little to the right of the middle line, immediately 
behind the intestine. The ovary, closely adherent to the receptaculum seminis, is of 
oval shape, and very closely resembles the corresponding organ in the Australian 
species. 


T. Jheringwt was found by Dr. v. Jhering in Brazil in the branchial cavity of a 
species of Ampullaria. It differs from 7. Semperz, Weber—(1) in the absence of 
eyes; (2) in the form of the cirrus, which is very much wider at its proximal end, 
curved instead of straight, and with a terminal introvert of a different form; (3) in 
the first pair of testes being placed much further back ; and (4) in the shape of the 
ovary. 


7. TemnocerHata Nov#-zeatanpia. Plate x. figs. 4, 7 and 11; Plate x1. fig.1; Plate 
xu. figs. 17 and 18; Plate xiv. figs. 2 and 3. 


Temnocephala Nove-zealandie, Haswell, “On 7% emnocephala,” ete. p. 284, pl. xxi. 
figs. 10 and 19. 


The most characteristic external feature of this species is the possession of six 
tentacles, in which, however, it resembles 7. comes. In size 7. Nove-zealandie is 
sometimes little less than 7. fasczata, some specimens attaining a length of half an 
inch in the contracted condition, but is usually much smaller, in accordance with the 
smaller size of its crustacean host. In the larger specimens the dorsal surface is 
brownish or slate-colour owing to the presence of irregularly arranged granules of 
pigment beneath the basement-membrane and muscular layers ; but small specimens 
are nearly or quite devoid of pigment except in the eyes, which are very small. In 
the pigmented specimens the course of the dorsal nerves, with the network to which 
they give rise is readily traceable owing to the pigment being absent or little 
developed along the course of the branches. In the unpigmented species a reddish 
tinge is sometimes given to the middle of the body by the colour of the alimentary 
epithelium. External vibratile cilia are not present, but the tactile cones are very 
numerous and prominent, particularly on the tentacles. The intestine has usually 
only three or four septa, but sometimes there are five or even six. The most anterior 
of the unicellular integumentary glands are aggregated together into definite rounded 
eroups. The anterior testis is narrow, situated opposite the posterior half of the 
intestine, not reaching much behind the posterior border of the latter ; the posterior 
testis is oval, nearly or quite completely behind the intestine; neither of them shows 
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any trace of lobulation. The ejaculatory sac is short and rounded. The cirrus, when 
at rest, is almost parallel with the long axis of the body, with the base forwards and 
the apex backwards; when extended it assumes a more oblique position. It is 
strongly curved, wide proximally, narrowing gradually distally, with a very definite 
introvert armed with numerous pointed spines of considerable length ; it presents a 
considerable amount of variation in the length and arrangement of the spines. (Plate 
xi. figs. 17 and 18.) 


The vitelline glands are quite irregularly arranged in broad lobes. The 
receptaculum vitelli is not median, being situated to the right of the middle line. 
The feature of the internal structure which is most characteristic of the species is the 
large muscular vagina already described (p. 129) with its series of chitinous teeth. 
(Plate xiv. fig. 3.) 


The eggs, which are small and pear-shaped, are attached by a short stalk situated 
at one end, usually to the anterior part of the carapace or to the great chels of the 
host; they are not connected together in any way like the eggs of some of the 
Australian species. The egg opens by the formation of a transverse fissure, resulting 
in the separating off of the distal end of the shell as a sort of operculum. When 
I had the opportunity of examining them (in the month of February) all the eggs 
either contained fully formed embryos or were empty, the young having escaped. 
The young specimens differ from the adult in the absence of the intestinal septa and 
the reproductive organs as well as of the pigment; they have no cilia. The terminal 
part of the cirrus with its spines is formed before the appearance of the toothed vagina. 


This species lives on Paranephrops neo-zealanicus and P. planifrons, chiefly on 
the surface of the great chelze among the hairs, and appears to be widely distributed 
in the rivers and lakes of New Zealand, both in the North and South Islands. 


8. TemnocepHata Enea. Plate xm. fig. 20. 


The largest specimen of this species which I have obtained is scarcely three 
millimetres in length in the contracted state. The general shape is similar to that of 
T. minor; there are five subequal slender tentacles, which are much shorter relatively 
than in that species; the sucker is relatively large, its diameter being nearly equal 
to a third of the length of the body. Pigment is completely absent, except in the 
pigment-cups of the very small eyes. Vibratile cilia are completely absent. The 
intestine appears to present about seven constrictions similar to those seen in most of 
the other species. The excretory sacs have their external openings further apart than 
is usual, quite close to the lateral borders of the body. The testes are oval, the long 
axis of the anterior testes being parallel with the long axis of the body, while that of 
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the posterior pair is nearly transverse. The anterior pair, which are the smaller, are 
situated behind the middle of the intestine; the posterior pair are altogether behind 
the intestine. The cirrus is narrower in proportion to its length than in most of the 
other species, strongly curved, with a distinct, very narrow, curved terminal segment 
apparently devoid of spinules. 


The few specimens of this species which I have seen were obtained, some on the 
outer surface, others in the branchial chambers of Zxg@us fossor, the land crayfish of 


Gippsland. 


9. TEMNOCEPHALA CHILENSIS. 


Temnocephatla chilensts, Blanchard, 1.c. 


The description of this species given by Philippi is not sufficient to enable one 
to distinguish it, as it would apply equally well to at least four kinds which a careful 
examination shows to differ in certain very essential particulars. 


It was found, as already mentioned, on the surface of a species of Zg/ea in Chili. 
The specimens which Monticelli mentions as being in the Zoological Museum in 
Berlin, with the locality Brazil, and the eggs of which he describes, may belong to 
this species or to 7. /heringit. 


10. TemnocerHaLA SEMPERI. 
T. Chilensis, Semper (?), l.e. p. 307. 


T. Sempert, Weber, l.c. p. 26. 


This species has five subequal, slender tentacles, has the anterior testis situated 
nearly exactly opposite the middle of the intestine, and the posterior one nearly 
completely behind the latter; there is a short rounded ejaculatory sac; the cirrus is 
straight or nearly so, and its terminal part, slightly dilated, is armed with numerous 
extremely minute spinules. 


It seems to me extremely unlikely that the species described by Semper and 
found by him on various fresh-water crabs in the Philippines is the same as that 
found by Weber in Sumatra, Java and Celebes; but though there are differences 
between Semper’s figures and Weber’s, particularly those of the cirrus, there is not 
enough evidence to decide the point. 


Haswett—A Monograph of the Temnocephalee. 141 


11. TremMNOCEPHALA BREVICORNIS. 


Temnocephala brevicornis, Monticelli, l.c. p. 1, foot-note; and “ Di una nuova 
specie del genere Temnocephala, Blanch., ectoparassita dei Cheloniani.” 


This species is doubtless distinct from the others enumerated above, but is not 
sufficiently characterised by Monticelli; the points he mentions, length of tentacles, 
form of body and the like, being such as vary extremely according to the condition of 
the specimen. Monticelli regards 7. dvevicornzs as approaching nearer to 7. mznor, 
mihi, than to any of the others, ‘ma se ne discosta perché questa ha il corpo pit 
slanciato ed i tentacoli esili (secondo Haswell)”; but these differences are merely due 
to the contracted state of Monticelli’s specimens, and the internal organs will have to 
be examined before this species can be said to be known as distinct from the others. 
The specimens were found in 1856 by Reinhard in Brazil on the shell of the fresh- 
water Chelonians Hydromedusa maximiliant and [ydropsis radiolata.* 


12. TEMNOCEPHALA MADAGASCARIENSIS. 


Temnocephala madagascariensis, Vayssiére, “Etude sur le Tenenocephala parasite 
de P Astacoides madagascariensis,” ‘Annales de la Faculté des Sciences de Marseille.’ 
Tome IT., Fascicule v. (1892); ‘Comptes Rendus,’ Tome CXV. p. 64 (1892). 


In this species there are no fewer than twelve cephalic tentacles. The sucker is 
very small. There is a large pharynx ; the intestine does not appear to be distinctly 
constricted. There is a pair of eyes. The openings of the excretory sacs are situated 
on the lateral margins. 


Vayssiére’s interpretation of the genital organs does not appear to me to be 
‘satisfactory. Should his statement be confirmed it would be necessary to regard the 
Madagascar species as generically distinet from Temnocephala. The eggs are 
supported on short stalks. 


This species occurs on the surface of the Madagascar fresh-water crayfish 
( Astacotdes madagascartensts ). 


Genus CRASPEDELLA (new). 


A series of (five) papillose cephalic tentacles. On the dorsal surface a series of 
delicate transverse lamella divided into lobes tipped with papillae. The pharynx 
rudimentary. 


_ * While the above has been passing through the press I have received, through the kindness of Dr. Brandes, 
specimens of the species in question, and find that it is quite distinct from the others. The cirrus is relatively longer and 
narrower than in 7, Jheringii, and is curved, slightly in the proximal three-fourths, strongly at the distal end, with a 
relatively small introvert provided with a few delicate spines. Eyes are not visible, but this may be due to the solution 
of the pigment. 
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CRrASPEDELLA Spencert. Plate xu. fig. 21, and Plate xv. fig. 3. 


The general shape of the animal, which is very small, averaging less than 2mm. 
in length, is similar to that of Zemnocephala minor. In front there are five subequal 
tapering tentacles; these are covered with rows (two lateral, two dorsal) of conical 
papille ‘01mm. in length, about twelve in each row. Along the lateral and posterior 
borders are similar, but smaller, papille, arranged at pretty wide intervals. In 
the posterior half of the body, on the dorsal surface, are three thin transverse 
lamelle, ‘05mm. in breadth, divided into about 15-20 rounded lobes, each tipped 
with a few papille similar to those on the lateral borders. Behind the last lamella 
are four conical processes projecting backwards and outwards, each with several minor 
elevations, all of these being tipped with a number of papille. The eyes are situated 
close together some distance behind the bases of the tentacles; the pigment of 
the eyes is in comparatively large rounded granules. There is no other pigment 


in the body. 


The integument is similar to that of Temmnocephala. it is devoid of vibratile cilia. 
The mouth is in the usual position, and leads into a very small chamber representing 
mouth-cavity and pharynx. The intestine appears squarish in outline when 
viewed from above or below, and somewhat unsymmetrical behind, owing to the 
position of the reproductive apparatus. It exhibits no trace of subdivision by 
means of septa. 


The excretory system corresponds closely with that of Temmnocephala. The 
same holds good of the integumentary glands and of the nervous system. 


The anterior testis is oval, smaller than the posterior, situated at the side of the 
posterior part of the intestine. The posterior, irregularly triangular in outline, is 
situated altogether behind the intestine ; the bulb of the cirrus lies between the two. 
The spermatozoa are similar to those of Temnocephala. 


The cirrus (Pl. xt. fig. 21) is strongly curved, with a comparatively long and 
narrow introvert provided with numerous short spines. 


This species, the only member of the genus as yet discovered, lives in the 
branchial chambers of As¢acopsis bicarinatus, climbing about actively among the 
gill-filaments. One specimen, however, was found outside the branchial cavities on 


the surface of the crayfish. 
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XVI.—AFFINITIES OF THE TEMNOCEPHALES. 


When first discovered Temmnocephala was regarded by Gay as a Hirudinean, and 
the same view was adopted by Blanchard* and by Moquin-Tandon.t — Philippi 
regarded its nearest relative as being Malacobdella. In his “Animal Parasites and 
Messmates” (1876), P. J. van Beneden remarks on Zemnocephala (written Temno- 
Phila):—* This messmate resembles a Trematode by its form and by its posterior 
sucker ; but by its entire character, and especially by its sexual organs, it belongs 
to the Zurbellaria” (p. 47 of the English edition). Semper was the first to set it 
down as an ectoparasitic Trematode, and in this he was followed by myself,|| by 
Weber’ and by Monticelli.** I proposed that it should be regarded as constituting 
a distinct family of the Monogenza, more nearly related to the 7vzstomzde than to 
the others, and in this opinion Weber and Monticelli concur. Braun’stt views have 
already been referred to: he denies the close relationship to the 7vzstomde and 
doubts if the Temnocephalee are completely established as Trematodes. In a 
separate papert{{t he summarizes our knowledge of the family and discusses the 
question whether Temnocephala, regarded as a monogenetic Trematode, is to be 
looked upon as primitive or as degenerate. Brandes{§ also expresses doubts as to the 
correctness of the view that Zemmnocephala is an aberrant Trematode, and directs 
attention to several important resemblances to the ARhabdocela. 


The integument of Zemnocephala and Craspedella is quite exceptional if we are 
to regard them as ectoparasitic Trematodes. A complete distinct epithelial layer 
does not occur in other genera, though in some (/Vz¢schza and Epibdella) as observed 
by Braun|||j such a layer is distinguishable on some parts of the surface, but without 
cuticle or basement-membrane. In the others the outermost layer of the body seems 
rather to correspond to the basement-membrane of the integument of Zesnocephala 
than to a modified epidermis; it is homogeneous, does not readily become stained, 
and seems to be of a resistent character. On the other hand, in this particular 
Temnocephala approaches very near to the Rhabdoceele 7uréellaria; the epidermal 


* Gay’s “‘ Zoology of Chilé” II. p. 51. 

Tt ‘*‘ Monographie des Hirudinés,” p. 300. 

~ ‘Arch, f. Naturg.”” XXXVI. (1870), p. 35. 

§ ‘ Zeitschrift f. wiss. Zoologie,’ XXII. 1872, p. 307. 

|| ‘Quart. Journ. Micro. Sci.’ Vol. XXVIII. (1888); 

‘| “‘ Zoolog. Ergebnisse einer Reise,” etc. 

‘*Saggio di una Morfologia dei Trematodi.” 

++ Bronn’s ‘‘ Klassen u. Ordnungen des Thier-Reichs, Vermes.” 

{tk “Ueber Temnocephala, zusammenfassender Bericht.” ‘Centralbl. f. Bact. u. Paras.’ VII. (1890). 
§§ ‘‘ Zum feineren Bau der Trematoden.” ‘ Zeitschr. f. wiss. Zool.’ LIII. p. 558 (1892). 
\I\| Lom, cit. p. 422, 
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layer is of similar character in the two groups, and the presence of cilia in 7. mznor 
and 7. Dendyi makes the resemblance very close. The basement-membrane is 
absent in the Rhabdoce/a, but it would not appear to be present in all the species of 


Temnocephala (Weber). 


A striking similiarity between the Zemnocephalee and the Rhabdocela is in the 
presence in both of the system of unicellular integumentary glands forming rhabdites 
(Stiibchen). The arrangement of their ducts in the former as they run forwards in 
the anterior region of the body into broad strands or “ Stiibchenstrassen ” precisely 
corresponds to what occurs and what I myself have seen in many Rhabdoceeles; and 
nothing of the kind appears to have been observed among the Trematodes. 


The structure of the pharynx is similar to what obtains in some of the 
Rhabdoceeles, such as AZesostomum, but, on the other hand, it appears equally near 
to that of the corresponding organ in Polystomum, Sphyranura and certain other 
Monogenetica. The intestine and its epithelium closely resemble those of a 
Rhabdoceele, with the exception of the constrictions, which never occur in the latter. 


The excretory system is quite peculiar, so far as our knowledge extends. It 
more nearly resembles that of the ectoparasitic Trematodes than that of the 
Rhabdoceeles ; the contractile, pulsating, terminal sacs being absent in the latter 
group, and almost universally present in the former. Of the five types of arrangement 
of the vessels described by von Graff (p. 105) that presented by Prorhynchus stagnals, 
in which there are two lateral openings towards the middle of the body, from each of 
which a main vessel runs transversely for a little distance to become divided into 
anterior and posterior trunks, approaches most nearly that which occurs in 
Temnocephala. 


In its nervous system 7Zemnocephala exhibits one of the highest types of 
development among the Platyhelminthes, with its comparatively large brain, the rich 
development of nerves running forwards, the three pairs of posterior trunks, and the 
highly developed subcutaneous nerve-plexus. But in these respects it does not stand 
quite alone. In 77zstomum mole, as described by Lang,* all these features recur, and 
but for the less development of the anterior nerves and certain differences in the relations 
of the subcutaneous plexus (which in 77zstomum is apparently equally contributed to 
by all three pairs of trunks), there is a very close correspondence between the two. 
Though a subcutaneous nerve-plexus is present in Z777cladide and Polycladide, 
nothing of the kind has been noticed in the Aaddoce/a, and there would appear 
never to be more than one pair of nerve-trunks running backwards from the ganglion 
in that group. The eyes can be exactly matched among the Rhadbdoce/a, and, on the 


* “ Untersuchungen zur vergleichenden Anatomie u. Histologie des Nervensystems der Plathelminthen.” ‘ Mittheil. 
a.d. Zool. Stat. zu Neapel,’ IL. Bd. p. 28. . 
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other hand, are in all essential respects similar to those of Zyzstomume mole. The 
tactile cones, so abundantly distributed on the tentacles and anterior part of the body 
in Temnocephala and Craspedella, and on the posterior fringes and processes of the 
latter genus, seem to have been found elsewhere in a similar shape only in 
Sphyranura; but the motionless hairs of many Rhabdocela are evidently structures 
of the same fundamental character. 


As regards the reproductive organs—it appears to me that Zemmnocephala finds 
closer alliances among the Rhabdocceles than among the ectoparasitic Trematodes ; 
and of the former group various Vortic7d@, as described by von Graff and others, 
approach very near to it in the general arrangement of parts, as well as in the special 
character of the cirrus. A bursa copulatrix is absent in both Zemnocephala and 
Craspedella, but the muscular “vagina” of 7. Nove-zealandie, though leading directly 
to the uterus and oviduct, may represent it, and the teeth in its interior, though more 
numerous, bear a striking resemblance to those of the bursa copulatrix of some of the 
Rhabdoceeles, such as Proxenetes flabellifer, Jensen (von Graft, Taf. vin. fig. 16). 
But spines or teeth occur round the opening of the oviduct in Ax7xe and Microcotyle. 
The testes resemble the compact type of these glands occurring among the 
Rhabdocela,; but are also nearly approached by those of some ectoparasitic Trematodes. 
The ovary has in many Rhabdocceles the same form and relations as in 7enznocephala; 
but in the form and arrangement of the ova within the ovary there is a much nearer 
resemblance to Sphyranura of the Monogenea. 


A remarkable point of resemblance between 7emxocephala and the Rhabdocela is 
in the system of accessory glands secreting rounded granules connected with the male 
reproductive apparatus in both groups. Von Graff's account of these structures as 
they occur in the Rhabdocceles applies equally well, word for word, to Temnocephala 
—the only difference of consequence being in the much greater length of the ducts in 
the latter case. The so-called prostate-glands of some Wonogenetica are evidently 
the same structures less specially developed. 


Stalked eggs similar to those of Temnocephala occur among the Rhabdocceles— 
the “stalk” in the latter, as in some of the species of Zemmnocephala, not always 
serving for the attachment of the ege. But similar eggs are met with also among 
the monogenetic Trematodes. Sufficient data are wanting for a comparison of the 
embryological history in the various groups under discussion. What is known does 
not seem to tell more in one direction than in another. The embryo of Temnocephala 
undergoes direct development and becomes fully formed while still within the egg— 
the reproductive apparatus alone remaining undeveloped. This direct development 
and absence of metamorphosis it shares equally with the monogenetic Trematodes 


and with the Rhabdocela. 
U 
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On the whole, a review of the evidence seems to me to point to the conclusion 
that the Trematode affinities of Zemnocephala somewhat predominate over the 
Turbellarian. It presents an assemblage of characters which distinguish it very 
broadly from any individual member of the former class; but perhaps it has rather 
more important points of resemblance in the various features of its structure with 
now one now another ectoparasitic Trematode than with the Rhabdocceles. The 
large ventral sucker, the excretory sacs, and the nervous system may be set down as 
decidedly Trematode and not Rhabdoccele in character. The preponderance, however, 
if it occurs, is only slight, and I should see little reason for finding fault with anyone 
who should regard the Zemnocephalee as aberrant Rhabdoceeles specially modified in 
accordance with a peculiar mode of life. 
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EXPLANATION OF THE PLATES. 
PLATE x. 


1.—Integument and muscular layers of 7’. fasciata, from transverse section of a specimen fixed with 
Flemming’s chrom-osm-acetic solution. cw., cuticle; ¢.c., tactile cones; ep., epidermis ; b.m., 
basement-membrane ; c.m., circular layer of muscle; /.m., longitudinal layer of muscle ; p.m., 
dorsi-ventral muscular bundles of the parenchyma. The black veticulating lines are the 
pigment ; the lighter network the parenchyma. The spaces in the epidermis are here 
distinguishable, though small. The diagonal layer of muscle is not represented. 


2.—Integument of Z. fasciata, from a transverse section of a corrosive sublimate specimen. Letters 
as in preceding figure. The epidermis here appears perforated by vertical channels, which are 
not greatly dilated. The cuticle is somewhat diagrammatically represented. 


3.—Surface view of the epidermis of 7. fasciata, from a teased picrosulphuric acid specimen ; 


numerous large clear spaces in the protoplasm. 


4,—Tangential section through the epidermis of a specimen of 7. Nove-zealandie, fixed with 
Flemming’s solution. Throughout the protoplasm runs a system of branching and anasto- 


mosing fine canals, with here and there a rounded clear space. 


5.—From a tangential section of the integument of 7. fasciata, passing through the deeper part of 
the cuticle. ¢.¢., base of a tactile cone. 


6.—Surface view of the epidermis of 7’ fasciata, from a specimen prepared by means of Flemming’s 
solution, showing the minute elevations of the cuticle and a tactile cone—t.c. 


7.—Integument and body-wall of 7. Nove-zealandie, from a longitudinal section of a specimen 
prepared with Flemming’s solution. The epidermis here exhibits numerous channels with 
frequent dilatations. A little space here separates the epidermis from the basement-membrane. 
The muscular layers are merely indicated. The larger and smaller granules are the pigment. 
pa., parenchyma: other letters as in fig. 1. 

8.—Integument and body-wall of 7. Dendy?, from a longitudinal section of a specimen fixed with 
osmic acid. Letters as in fig. 1. The cuticle and epidermis are not here sharply differentiated ; 
the nuclei bulge downwards towards the basement-membrane. The basement-membrane 
exhibits a finely reticulate structure with occasional vertical lines apparently indicating the 
position of the pore-canals. 

9.—One of the nuclei of the parenchyma. 


10.—Group of problematical cells in parenchyma. 


11.—Excretory sac of 7. Nove-zealandic, from a living specimen. 0., external opening ; v., beginning 
of main vessel. 


. 12.—Capillary vessels ramifying in the wall of the excretory sac of 7. Dendyi. s., outline of suc; 


/.v., main longitudinal vessel. The capillary channels extend through the entire substance of 
the protoplasm of the sac; only a few of them are represented. 

13.—Section of the excretory sac of 7’. fasciata, from a longitudinal vertical section through a 
specimen prepared by Flemming’s method. c., central cavity of the sac ; m., investing layer 
of muscular fibres ; ca., narrow part of the central cavity of the sac. x 250. 
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Fig. 14.--Section of the excretory sac of 7. fasciata, from a longitudinal section of a specimen prepared 
by Flemming’s method. The section does not pass through the central cavity, but is selected 
because it shows the continuity of the protoplasm of the narrow end of the sac and beginning 
of the main canal with that of the wall of the main portion of the former. ca., lumen of 
commencement of main canal; nw., the two nuclei. The nuclei are not divided through the 
middle, but near the periphery, so that their relative size is not shown. 


Fig. 15.—A small part of the section represented in fig. 13, showing the minute structure of the wall of 
the sac with some of the capillaries. x about 2000. 


Fig. 16.—A longitudinal section through one of the larger excretory vessels of 7’. fasciata, showing the 
nucleus of one of the perforated cells. From a series of longitudinal sections x 500. The 
double border of the canal is due to an error of the lithographer. 


Figs. 17 and 18.—Two successive longitudinal sections through the basal part of a tentacle of 7. Dendy, 
showing perforated cell with the twisted tentacular main vessel and portions of branches. 


PLATE Xt. 


Fig. 1.—General view of the arrangement of the principal excretory vessels in Temnocephala Nove- 
zealandic. t.s., terminal sac; ph., pharynx ; 7., intestine ; #.t.t.¢., testes ; s., sucker. 


Fig. 2.—Excretory cell of 7. fasciata, section of central part to show nucleus and capillary channels. 
Fig. 3.—Excretory cell with branch vessel entering it and breaking up into capillaries. 
Fig. 4.—Unipolar ganglion-cell, highly magnified. 


Fig. 5.—Section through the brain of 7. Dendyi, from a series of horizontal sections of the animal, 
i 
showing the transverse curved band of fibrous material and some of the ganglion-cells. ph.., 
pharynx. 


Fig. 6.—Eyes of Z. Dendyi, from a series of horizontal sections. p.c., pigment-cups; 7.b., vefractive 
bodies, seen also projecting through the bases of the cups ; c., cells similar to nerve-cells, closely 
applied to the refractive bodies; «., large non-nervous cells; .c., nerve-cells. 


Fig. 7.—Eye and brain of 7’. fasciata, from a series of vertical longitudinal sections. p.c., pigment-cup ; 
7.b., contained refractive body ; c., one of the cells similar to nerve-cells closely applied to the 
mouth of the cup; 7.c., retinal cells ; f, central fibrous mass of brain. 


Fig. 8.—Approximately median section of the brain of 7’. fasciata, from a series of vertical longitudinal 
sections of the animal, to show the arrangement of the large channels, ch., with their contents, 
and the fibrous mass, f. ph., pharynx; pr., bands of parenchyma muscle which act as the 
protractors of the pharynx ; 7., position of the integument of the dorsal surface ; ph., pharynx ; 
ch’., detached group of channels and fibres. 


Fig. 9,—Eye and neighbouring parts in 7’. fasciata, from a series of horizontal sections. p.c., pigment-cup ; 
7.., refractive body ; 7.c., “retinal” cells ; x.’., problematical cells, which are always symmetri- 
cally arranged in this region ; the nuclei are not mesially divided ; «”., nucleus of a similar cell. 
The rest of the cells represented are ganglion-cells. The brown spots are dorsi-ventral bands 
of parenchyma muscle, many of them perforating the large cells. The irregular network of 
dark lines continuous with the pigment of the eye are the strands of pigment in the paren- 
chyma. 


Fig. 


Fig. 
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Pate xi. 


1.—General view of the dorsal nerve-plexus as seen in a young specimen of Zemnocephala fasciata, 


with the origin of the nerves given off to the tentacles. 


2.—Eye of 7. minor as seen in fresh specimen. 





3.—System of visceral nerves in the pharynx of 7’. fasciata, from a compressed specimen stained with 
methyl green. m., median ; /., lateral longitudinal nerves; 7., radial branches. The dotted 


line, ph., indicates the outline of the pharynx. 


4.—A portion of one of the pluricellular “prostatic” glands as seen in a section of a specimen 
prepared by Flemming’s method. d., duct. 


> glands. x 500. 


5.—Transverse section of the main duct of the ‘ prostate’ 
6.—Branching and anastomosing ducts of the “prostate” glands. x 500 


7. Cirrus of 7. Dendyi protruded through the common genital aperture, from a series of vertical 


longitudinal sections. g.o., points to the genital aperture. 
8.—Cirrus of 7. minor. c., genital cloaca. 
9.—Extremity of cirrus of young specimen of 7. minor. 
10.—Longitudinal section of the cirrus of 7’. guadricornis, showing the three sets of spines. 


11.—The cirrus and adjacent parts of 7. Dendyi from the dorsal aspect x 230 (fresh specimen). 
b., cirrus bulb; c¢., cirrus; e.s., ejaculatory sac; /.g.7., left granule reservoir; 7.g.7., right 
granule reservoir ; /.v.d., left vas deferens; 7.v.d., right vas deferens; 0., male opening into 
genital cloaca; v.s., vesicula seminalis (here not greatly distended) ; ¢., points to the median 


spine. 
PLATE XIII. 


1.—Cells from testis of sexually immature specimen of 7’. Dendy. 
2.—Spherical mass of cells formed by division of primitive cell of testis. 
3.—A stage in the further mitotic division of the testicular cells, 
4.—Final stage in the process of division—the spermatidia. 


5-11.—Successive stages in the development of the spermatozoa. 


. 12.—Heads of spermatozoa of Temnocephala fasciata. 
. 13.—Cirrus of 7. fasciata. 7., introvert ; ¢., genital cloaca. 
. 14,—Cirrus of variety of 7’. fasciata. 


. 15.—Cirrus of 7. comes. e.s., ejaculatory sac (in some specimens a good deal longer than here 


represented) ; 7., introvert. 


g. 16.—Distal extremity of the same, more highly magnified. 
. 17.—Cirrus of 7. Nove-zealandie. 

. 18.—Extremity of cirrus of 7. Vove-zealandic. 

ig. 19.—Cirrus of 7. Jheringii. 

. 20.—Cirrus of 7. Engei. 
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Fig. 21.—Cirrus and neighbouring paris of Craspedella Spencer. 7., introvert of cirrus ; e¢.s., ejaculator 
t=) fo} to} 2 L ’ 


sac; g.r., granule reservoir ; g.d., right granule duct; v.s., vesicula seminalis. 


PLATE XIy. 


Fig. 1.—Longitudinal, nearly horizontal section of 7. /asciata (Flemming’s strong solution and alum- 


cochineal). ., epidermis and cuticle ; m., longitudinal layer of muscle ; between ¢., and m., the 


’ glands ; ¢.s., posterior 


dark band represents the thickly pigmented layer; pr. pr., ‘prostate’ 
uarrow part of terminal sac of excretory system ; ¢.g., group of tentacular unicellular glands ; 
the dark bands running forwards and inwards from this are the strands of ducts; ¢., anterior, 
U., posterior testis ; in these the dark outline represents the muscular investment, and the lines 
running from this into the substance of the testes the incomplete trabecule ; 7., part of the 
ventral nerve-cord ; v.s., vesicula seminalis ; ¢., cirrus; w., uterus; 7.v., receptaculum vitelli ; 
b., points to the ventral part of the brain, with the origins of the posterior nerve-cords; in 
front of this are obliquely divided nerves and some excretory cells; the black dots and lines 
are the dorsi-ventral bundles of muscular fibres of the parenchyma, here darkly stained by the 
osmic acid ; ph., points to the lumen of the pharynx ; the various layers of muscle are not all 
clearly distinguishable here; the radial fibres are distinct ; the homogeneous-looking masses 
are sections of the anterior and posterior ‘‘sphincters”; 7., is placed in the lumen of the 
intestine ; the investing muscular layer is represented by the dark outer line, and the septa by 


the lines running inwards from this. 


Fig. 2.—Temnocephala Nove-zealandie, from a living specimen. .s., terminal sacs of the excretory 
system ; m., mouth ; ph., pharynx ; ¢., intestine ; ¢.t.4.4., testes ; 7.v., receptuculum vitelli; ov., 
ovary ; v., vagina ; ¢,, cirrus ; v.s., vesicula seminalis. 

Fig. 3.—The muscular vagina of 7. Vove-zealandice, with its teeth, as seen in a longitudinal vertical 
section. o.d., oviduct ; wt., uterus; v., lumen of vagina with the chitinous teeth ; e/., genital 


cloaca ; m.m., masses of muscular fibres. 


Fig. 4 —Section of the integument and muscular layers of 7. quadricornis. cu., cuticle ; ep., epidermis ; 
b.m., basement-membrane; c¢.m., layer of circularly disposed muscular fibres; p., layer of 

’ d ’ y E) ? 
pigmented parenchyma between the muscular layers; p’., outer part of central parenchyma 

with large rounded granules of pigment ; .m., longitudinally arranged layer of muscle, 


PLATE Xv. 


Fig. 1.—Semi-diagrammatic view of the organisation of Zemnocephala minor, the animal is represented 
as somewhat contracted ; the vitelline glands, the shell-glands and the nervous system are not 
represented. ph., pharynx ; in front of it the eyes, with a portion of the pigment-network ; 
z., intestine with its septa; ¢s., terminal sacs of excretory system; 7.g., rhabdite-forming 
tentacular glands ; r.d., ducts of the same where they become dilated ; ¢., testes ; v.s., vesicula 
seminalis ; ¢.s., ejaculatory sac; c., cirrus; g.c., genital cloaca; 7.v., receptaculum vitelli; o., 
ovary ; wt., uterus ; pr., some of the prostate or granule-forming glands (only diagrammatically 
represented), 


Fig. 2.—Ventral view of 7. Jheringii, from a preserved specimen. m., mouth; g.a., genital aperture; v., 
vitelline glands ; the other letters as in fig. 1. 


Fig. 3.—Craspedella Spenceri, dorsal view ; letters as in preceding figures. 
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ON AN APPARENTLY NEW TYPE OF THE PLATYHELMINTHES 
(TREMATODA 2). 


TS EES UT — SIE EEO OTe vw 


Baldwin Siencee a Melbourne, for his kindness in procuring the specimens for me 
and in facilitating in every way my work at this subject—most of which was done in 
his laboratory in Melbourne. 


I].—Generat Exrernat Fratvres. 


Actinodactylus is a very small worm, averaging about 1mm. in length by ‘3mm. 
in greatest breadth. It is dorsi-ventrally compressed, convex above, flat below, 
devoid of segmentation, external or internal. In outline it may be described as pear- 
shaped, the narrower end being anterior. At the anterior end there is, in the living 
and extended condition, a small rounded cephalic lobe; at the sides of this are a pair 

v 
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Fig. 21.—Cirrus and neighbouring paris of Craspedella Spenceri. 7., introvert of cirrus ; ¢.s., ejaculatory 


sac ; g.7., granule reservoir; g.d., right granule duct; v.s., vesicula seminalis. 


PLAtvE XIy. 


Fig. 1.—Longitudinal, nearly horizontal section of 7. /asciata (Flemming’s strong solution and alum- 
cochineal), ., epidermis and cuticle ; m., longitudinal layer of muscle ; between e., and m., the 
dark band represents the thickly pigmented layer: wr. r.. “prostate” glands : ¢.s.. posterior 


CORRIGENDUM. 


Since this paper passed through the press my attention has been directed 
by Prof. R. Blanchard, of Paris, to the fact that a genus Actinodactylus was 
established in 1890 by Duchassaing for a Tunicate. I, therefore, propose to alter 
the termination, making it Actinodactylella. I have omitted to give a specific 


name in the paper. and now propose to call this remarkable worm Actinodactylella 
Blanchardi.—W. A. H. 


IPLATE Xv. 


Fig. 1.—Semi-diagrammatie view of the organisation of Zemnocephala minor; the animal is represented 
as somewhat contracted ; the vitelline glands, the shell-glands and the nervous system are not 
represented. p/., pharynx ; in front of it the eyes, with a portion of the pigment-network ; 
i., intestine with its septa; ¢s., terminal sacs of excretory system; r.g., rhabdite-forming 
tentacular glands ; 7.d., ducts of the same where they become dilated ; ¢., testes ; v.s., vesicula 
seminalis ; ¢.s., ejaculatory sac; c., cirrus; g.c., genital cloaca; 7.v., receptaculum vitelli; 0., 
ovary ; wt., uterus ; pr., some of the prostate or granule-forming glands (only diagrammatically 
represented). 


Fig. 2.—Ventral view of 7. Jheringii, from a preserved specimen. m., mouth; g.a., genital aperture; v., 
vitelline glands ; the other letters as in fig, 1. 


Fig. 3.—Craspedella Spenceri, dorsal view ; letters as in preceding figures. 
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ON AN APPARENTLY NEW TYPE OF THE PLATYHELMINTHES 
(TREMATODA 2). 


By Wituam A. Haswett, M.A., D. Se., Caatuis Proressor or Brotoey, University 
OF SYDNEY. 


(Plate xv1.) 


I.—Inrropucrory. 


When examining a spirit specimen of Exgeus fossor, the remarkable burrowing 
crayfish of Gippsland, Victoria, for specimens of Zemnocephala, I found a number of 
examples of the animal about to be described. Owing to the character of the 
integument, the presence of tentacles and other features, I was at first of opinion that 
the new form was related to the Zemnocephalee and intended to include an account of it 
in my monograph of that family. But having taken advantage of the opportunity 
presented by a visit to the neighbouring colony to examine specimens in the living 
condition, as well as sections of specimens hardened by special methods, I have come 
to the conclusion that the differences between the new form, which I propose to name 
Actinodactylus, and Temnocephala are far too great to permit of their inclusion in a 
single family. 


I have pleasure in here expressing my indebtedness to my friend Prof. W. 
Baldwin Spencer, of Melbourne, for his kindness in procuring the specimens for me 
and in facilitating in every way my work at this subject—most of which was done in 
his laboratory in Melbourne. 


I].—Generat ExrernaL FEATURES. 


Actinodactylus is a very small worm, averaging about 1mm. in length by ‘3mm. 
in greatest breadth. It is dorsi-ventrally compressed, convex above, flat below, 
devoid of segmentation, external or internal. In outline it may be described as pear- 
shaped, the narrower end being anterior. At the anterior end there is, in the living 
and extended condition, a small rounded cephalic lobe ; at the sides of this are a pair 
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of short, sub-cylindrical tentacles, and behind these are five more pairs of tentacles 
of relatively considerable length when fully extended, radiating outwards from the 
lateral margins of the body—the more anterior directed forwards as well as outwards, 
and the more posterior backwards and outwards. Behind, on the ventral surface, is 
a large circular posterior sucker situated close to the posterior end of the body, and 
in front, below and a little behind the head-lobe, is a smaller, pit-like, anterior sucker 
not raised above the general surface. The animal moves, exactly after the manner of 
a leech, by the extension and contraction of the body and alternate fixation of the 
suckers. These movements are as rapid as those of Zemnocephala or Craspedella. 
The tentacles are never employed in locomotion, and in fact I have never seen 
them being used in any way, though they may be observed to become extended and 
contracted and to undergo slight quivering movements: the probability is that they 
are only brought into play for the seizure of living prey. 


The aperture of the mouth is a slit situated some little distance behind the 
anterior sucker. There is a single genital aperture situated just in front of the 
anterior margin of the posterior sucker. There are no eyes. 


The body is completely devoid of pigment, but the internal organs are, 
nevertheless, very difficult to study, owing to the numerous bright granules which 
are scattered through the parenchyma. The whole animal is very much softer and 
more delicate than is the case with Zemnocephala—a very slight pressure serving to 
crush it. 


No observations were made on the nature of the food; the intestine was empty 
in all the specimens examined, or at least contained no recognisable particles, except 
in three, in each of which one of the Nematodes that infest the branchiz of the 
Engeus in large numbers had apparently been partially swallowed. I think it is 
extremely likely that Actenodactylus resembles Temnocephala in its mode of 
feeding ; its remarkable activity, the fringe of sensitive tentacles, and other features 
in its organisation yet to be described, seem adapted to such a mode of life. 


I1J.—Inrecument anp Muscuntar Layers. 


Actinodactylus resembles Temnocephala in having an integument (fig. 3) consisting 
of cuticle, nucleated epidermal layer, and, perhaps, basement-membrane. Scattered 
over the surface along the lateral margins and on the tentacles are numerous 
elevations of a conical form, each with a group ef non-motile cilia similar to the cilia 
of the tactile cones of the Zemnocephalee, but relatively longer. Similar cilia not 
placed on cones occur in small numbers about the ends of the tentacles. There are 
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no vibratile cilia in any part. The cuticle and epidermis are, taken together, only 
about ‘003mm. in thickness—the epidermis taking up more than half of this. The 
epidermis resembles that of Zemnocephala in being nucleated, but not divided into 
cells—the nuclei being about ‘02mm. apart on an average. Pore-canals and clear 
spaces are recognisable in the epidermis as in that of Zemnocephala. Of the presence 
of a basement-membrane I am uncertain; appearances in some sections would seem 
to point to its presence; but the smallness of the object renders the determination of 
this and other points in its minute structure doubly difficult. An external circular 
and internal longitudinal layer of muscular fibres underlie the integument, but I have 
not seen any trace of the intermediate diagonal layer present in Zemmnocephala. 
Numerous dorsi-ventral bundles of muscular fibres traverse the parenchyma. 


The duets of the rhabdite-forming glands for the most part pass into the 
tentacles; but some of them reach the exterior in the interspaces between these 
appendages. 


LV.—Auimentary CANAL. 


The most remarkable feature of Actznodactylus, revealed by an examination of 
living specimens, is the presence of a proboscis (Pl. xvz. fig. 2) capable of being retracted 
within the cavity of the mouth. In only one specimen did I find this organ fully 
protruded; and, but for the observation of this specimen, I should have entirely 
overlooked it, as its character is not readily recognisable in my series of sections. 
Having once seen it, however, I afterwards succeeded in finding two or three 
specimens in which i€ could be seen in the act of being imperfectly extruded and 
then withdrawn. 


When fully extended this remarkable organ passed out beyond the margin of 
the body—equalling in length probably about one-third of the total length of the 
animal. It is of about the same thickness as the tentacles, but, unlike the latter, 
extremely sensitive and contractile. At its extremity is a pin-shaped stylet. When 
it was retracted I could find no trace of it either in living specimens examined under 
a slight pressure or in stained specimens; it appeared to vanish completely within 
the muscular pharynx, and more successfully prepared specimens will be required 
before its relation to the latter can be determined. 


The pharynx (fig. 4) is comparable to that of Zemmnocephala. Enclosing it 
externally, as in a sort of sheath, is a thin layer of transversely arranged muscular 
fibres. Within this the radial fibres, which are stronger than in the 7emnocephalee, 
take their origin, running inwards to the internal lining membrane. Running among 
the outer ends of the radial fibres is an outer stratum of longitudinal fibres, and among 
the inner ends an inner stratum—both being of considerable thickness. Internal to 
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the internal longitudinal layer is an irregular incomplete layer of circularly arranged 


fibres. The internal lning membrane is non-nucleated, appears homogeneous and 
may be cuticular. 


The intestine is small, unbranched, with a small undivided cavity; the wall can, 
even less than in Zemnocephala, be described as a complete epithelium—no division 
into cells being visible. 


V.—Excretory anpD Nervous Systems; RepropuctivE OrGans. 


Neither in the living condition nor in sections have I been able to see excretory 
vessels. The contractile terminal sacs, so readily recognisable in 7emnocephala and 
Craspedella, are here completely absent ; and I can find no trace of external excretory 
apertures. That an excretory system is present is evidenced, however, by the 
presence of vibrating flames. One of these was observed in the middle of each 
tentacle, not far from its extremity, and one or two in various parts of the body. 


The brain occupies the same position, in front of the pharynx, asin Zemnocephala, 
and as in other forms consists of a fibrous band with symmetrically arranged lateral 
groups of ganglion-cells. The arrangement of the nerve-cords is not traceable in my 
preparations. If we except the taetile cones, there are no organs of special sense. 


The single genital aperture leads into a genital cloaca (fig. 5, g.), into the interior 
of which the cirrus projects on the left-hand side. The cirrus (c.) resembles that 
of some of the species of Zemnocephala,—of tubular form, wider at its proximal than 
at its distal end, with an introvert armed with numerous uniform, relatively long and 
sharp spines. 


The two pairs of testes (fig. 1, 2.) are both of rounded form; the posterior pair are 
situated far back near the posterior extremity of the body; the anterior pair just 
behind the intestine. Each testis has its own vas deferens; on either side the two 
vasa deferentia soon combine to form a common vas deferens—right or left as the 
case may be. The right and left vasa deferentia open close together into the 
elongated vesicula seminalis, which is similar to that of Temnocephada. 


The receptaculum vitelli (figs. 1 and 5, ~v.) resembles the corresponding organ 
in Temnocephala, and occupies a similar sub-median position just behind the intestine. 
It has a thick, protoplasmic wall with a small number of large nuclei similar to 
those of the ova. The ovary (ov.) is of oval shape, closely applied to the right-hand 
side of the receptacle. It is precisely like that of Zemnocephala, with the narrow 
pyramidal ova extending transversely across it. In the short division of the oviduct 
leading to the ovary are three remarkable, curved, pointed (chitinous ?) spines or 
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hooks (s.). The oviduct dilates below to form the uterus (ootype), which opens by a 
short passage into the genital cloaca. Opening into the uterus is a very muscular 
spherical bursa copulatrix (d.c.), the interior of which is beset with closely placed 
short spines or teeth. The vitelline glands (v.v.) consist of a number of irregularly 
arranged lobes which are situated in close apposition to the intestine. 


VI.—Arrinitigs oF ACTINODACTYLUS. 


In certain respects Actinodactylus exhibits, it seems to me, more decided 
Trematode affinities than the Zemnocephalee. But if we are to look on the former 
as a Trematode, we have to recognise that it is widely separated from any of the 
hitherto-described families of that class. It is Trematode-like in general form, in 
the presence of anterior and posterior suckers, in the absence of vibratile cilia, 
and in the general character of the alimentary canal and reproductive apparatus. 
It differs from all the described forms, not only in the possession of the marginal 
tentacles, and of a nucleated epidermis (the latter of which features it shares with the 
Temnocephalee), but in the presence of the remarkable buccal proboscis—an organ 
that is not precisely paralleled in any other group of worms. The relationship with 
Temnocephala, in spite of a certain superficial resemblance, is probably not by any 
means close : the chief point of resemblance, in addition to’ the presence in both of 
tentacles, is in the character of the integument. In the presence of an anterior 
sucker, of a buccal proboscis and of a bursa copulatrix, and in the absence of 
contractile excretory sacs, Actznodactylus difters from the Temnocephalee. 


If, then, we rank Actinodactylus as a monogenetic Trematode, we have to regard 
it as the type of (at least) a new family. The following may be given as the general 
characteristics of the family Actznodactylee so far as our present knowledge extends :-— 


Flatworms with elongate, pear-shaped, somewhat compressed body, provided 
along the lateral margins with a series of tentacles. A small anterior and a large 
posterior sucker present. Surface covered with a thin, homogeneous cuticle, beneath 
which is a nucleated protoplasmic layer or epidermis containing pore-canals and spaces. 
Mouth some distance from the anterior end. A highly extensile protrusible buccal 
proboscis armed at its extremity with a minute stylet, usually retracted within the 
muscular pharynx. Intestine a simple sac without diverticula; its walls without 
definite epithelium. No external excretory openings. A single median genital 
aperture behind the intestine. A single compact oval ovary; a receptaculum vitelli, 
oviduct and uterus. Vitelline glands consisting of a number of lobes closely applied 
to the intestine. A bursa copulatrix with muscular walls and chitinous teeth 
opening into the uterus. Two pairs of compact testes, each with a separate duct. 
A chitinous cirrus armed terminally with spines. 
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EXPLANATION OF PLATE. 


PLATE XVI. 


Fig. 1.—Semi-diagrammatic general view of the external form and internal organisation of Actinodactylus, 
viewed from the dorsal aspect, the body moderately extended. 67., points to the position of 
the brain; ph., pharynx ; v.v., some of the irregular lobes of the vitelline gland ; 2, intestine ; 
ov., ovary ; wt., uterus ; b.c., bursa copulatrix ; ¢.¢.¢.4., testes ; v.s., vesicula seminalis ; ¢., cirrus ; 
r.v., receptaculum vitelli; s., posterior sucker. 


Fig. 2.—Ventral view of the head end ; the animal is more contracted than that represented in fig. 1. s. 
anterior sucker ; p., proboscis. The representation of the proboscis cannot lay claim to perfect 
accuracy, as a view of it favourable to making a drawing was not obtained. 


Fig. 3.—Section of the integument of Actinodactylus. cu., cuticle ; ep., epidermis ; b.m., basement-mem- 
brane (?) ; ¢.m., circular layer of muscle. 


Fig. 4.—From horizontal section of pharynx, showing section of the lateral wall. e.c., external circular 


layer ; ¢./., external longitudinal layer ; 7., radial fibres ; 7/., internal longitudinal ; 7.c., internal 
circular ; ¢., internal lining membrane. 


Fig. 5.—Reproductive apparatus of Actinodactylus as seen in living specimen. 7.v., receptaculum vitelli ; 
ov., ovary ; 0.d., oviduct ; s., oviducal spines ; wé., uterus; b.c., bursa copulatrix ; g., position of 
genital cloaca ; v.d., left, v.d’., right, vas deferens ; v.s., vesicula seminalis ; ¢., cirrus. 
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OBSERVATIONS ON THE MYOLOGY OF PALINURUS 
EDWARDSII, Worron. 


By Proressor T. Jerrery Parker, D.Sc., F.R.S., anp JosepHine Gorpon Ricu. 
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The sea-crayfish of New Zealand (Paknurus Edwardsiz) and its Australian ally 
(P. Hiigehit) form such convenient students’ types that it is extremely desirable to have 
a readily accessible account of their anatomy. The ordinary text-books deal almost 
exclusively with the Astaczde (Astacus and Homarus), and we have been able to find 
only detached observations on Padinurus, and these mostly on the European form 
P. vulgaris, which differs in so many respects from the species under consideration* 
as to render a detailed description of the latter necessary. 


* See Parker, Trans. N.Z. Inst. Vol. XIX. (1886), p. 150 ; and Spence Bate, Challenger Reports, Vol. XXIV. 
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The exoskeleton of P. edwardszz has been described somewhat fully by one of us,* 
and the description will be referred to whenever it may be necessary to describe the 
relations of the muscles and aponeuroses to the hard parts. 


An interesting result of our observations is to show the incorrectness of the 
commonly received opinions that the whole of the great internal mass of abdominal 
muscles consists of flexors. Milne-Edwards’ account of the abdominal muscles of 
Homarus is still the standard authority on the subject, and is followed in all the 
text-books.{ As, however, we hope to show, he overlooked the fact that certain of 
what he called “muscles fléchisseurs” really act as extensors. That this is not a 
peculiarity of the Loricata, we have proved by an examination of Pavanephrops in 
which the general structure is so similar to that of the other Astacide as to warrant 
the assumption that there is no fundamental difference in the muscular system. 


Another point of considerable morphological interest is the discovery of certain 
vestigial muscles connected with the fused and immovable coxopodites of the antenne. 


I. Tae Axtat Moscties. 


1. Muscles of the abdomen. 


It is convenient to describe the whole mass of abdominal muscles as consisting 
of a dorsal, a ventral and a lateral set : the dorsal muscles are purely extensors, the 
ventral act partly as flexors, partly as extensors, the lateral as rotators. 


The dorsal muscles (figs. 1 and 10) consist of a superficial and a deep set of 


extensors. 


The superficial extensors consist of delicate sheets of muscle lying immediately 
beneath the dorsal integument of each segment, and passing in a longitudinal 
direction from the anterior border of each tergum to the anterior border of its 
successor. The muscle of each segment consists of two portions on each side of the 
middle line ; the fibres of the mesial portion are straight, those of the lateral portion 
slightly oblique. 


The superficial extensors of the first abdominal segment arise from the tergal 
region of the carapace immediately posterior to the heart. In the sixth segment 
these muscles are absent. 


* Parker, ‘‘On the Skeletons of the N.Z. Crayfishes.” Wellington (Col. Mus. and Geol. Sury. Dept.), 1889. 
+ H. Milne-Edwards, ‘‘ Hist. Nat. des Crustacés,” 1834, p. 151, Pl. x1. 


~ See, inter alia, Huxley, ‘‘ The Crayfish,” p. 99; Howes, ‘‘Atlas of Pract. Elem. Biology,” Pl. vim. fig. 24; Huxley 
and Martin, ‘‘ Pract. Biology,” Revised Ed. p. 205; Lang, ‘‘ Text-book of Comp. Anat.” Vol. I. p. 331 ; Lemoine, Ann. 
des Sci. Nat. Zool. 5™e série, T. IX. p, 228. 
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The deep extensors are much larger than the superficial, and lhe immediately 
beneath them. They consist of paired longitudinal bands extending continuously 
from end to end of the abdomen and connected by delicate aponeurotic bands with 
the anterior border of each tergum.* At the places of origin of the aponeuroses 
the muscle is constricted so as to have a distinctly segmented character. Like the 
superficial, the deep extensor of each side is divisible into a mesial and a lateral portion: 
in the mesial portion the fibres take a spiral course, in the lateral portion they are 
straight. 


The deep extensors are continued into the thorax to a far greater extent than 
the superficial. The muscle of each side arises by five distinct slips from the portions 
of the epimeral plate corresponding to the five legs. The slips, uniting, form a strong 
band which passes backwards, inwards, and slightly upwards to the terguin of the 
first abdominal segment, to which it is connected by a sheet of ligament. The 
portion of the deep extensor contained in the sixth segment, and acting as a levator 
of the telson, presents only one obliquely placed bundle of fibres on each side of the 
middle line. 


The ventral muscles (figs. 2, 8, 9 and 10) of the abdomen also consist of a 
superficial and a deep layer, the former of which are pure flexors, while the latter act 
partly as flexors, partly as extensors. 


The superficial flexors consist of extremely delicate sheets of muscle in close 
contact with the sternal integument, and passing from the posterior edge of a given 
sternum to the posterior edge of the sternum next following. Each imter-sterna! 
space contains two such muscular bands set somewhat obliquely a short distance from 
the middle line so as to enclose a V-shaped space with its apex backwards. 


The superficial flexor of the first abdominal segment arises from a process of the 
sternal region of the thorax between the origins of the fourth and fifth pairs of legs. 


The deep ventral muscles are of immense size and extraordinary complexity. They 
differ in important respects from those of Homarus, as described by Milne-Edwards ; 
unfortunately we have no spirit specimens of the latter genus for comparison. 


On viewing the whole of the ventral muscles from above as they are exposed by 
the removal of the terga and of the dorsal muscles, there is seen in each of the first 
five segments of the abdomen, as well as in the posterior region of the thorax, a 
paired transverse band of muscle, the fibres of which turn downwards both mesially 
and laterally so as to form a loop or arch open below. These bands may be 


* The extensors are incorrectly figured by Huxley (‘‘ The Crayfish”), Howes (‘‘Atlas”), and Lang (** Text-book of 
Comp. Anat.”’) as being inserted into the inner surface of the tergum near the middle. 
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distinguished as the enveloping muscles, since they enclose certain other bands 
presently to be deseribed. Hach may be described as being continued into a meszal 
or zxner limb, which is in contact with its fellow of the opposite side, and a Zatera/ or 
outer limb, which immediately underlies the skin of the pleural region. The inner is 
considerably wider than the outer limb, so that in a sagittal section of the abdomen 
each enveloping muscle is seen to extend to a considerable distance into the next 


following segment. 


Immediately anterior to the enveloping muscle of the first five abdominal 
segments are two bundles of fibres, the cut ends of which are exposed by the removal 
of the terga, into which they are therefore inserted. The insertion of the dorsal of 
these bundles is above the inter-segmental hinge, and the muscle must therefore act 
as an extensor and not, like the greater part of the ventral muscles, as a flexor: it 
may be called the odfzgue extensor. As will be seen hereafter, it arises from what 
Milne-Edwards calls the wzascle central. The ventralmost of the two bundles is 
inserted, for the most part, below the inter-segmental articulation, and must therefore 
act as a flexor : it may be called the od/z7gue flexor. 


The enveloping muscles are, as already stated, paired, those of the right and left 
sides being distinet, but at about the middle of each segment there is a strong 
transverse band, covered by a shining aponeurotic sheath, passing between the 
enveloping muscles of the right and left sides. This is the ¢vansverse muscle of 
Milne-Edwards. In the fifth and sixth segments the aponeurotie band is of great 
width, extending, beyond the transverse muscle, from the middle of the fourth to the 
middle of the sixth segment. 


From each side of the transverse muscle of the first three segments there springs 
a narrow cylindrical band which passes outwards and slightly forwards and is inserted, 
along with the oblique extensor, into the tergum : we propose to eall it the accessory 
oblique extensor. 


Where the main ventral muscles are exposed from beneath by removal of the 
sterna and inter-sternal membranes and of the superficial flexors, there is seen on 
each side of the middle line of the second to the sixth segments a flat, slightly 
divergent band, inserted into the sternum near the middle line, and obviously acting 
as the main flexor. It is the muscle fléchisseur principal of Milne-Edwards, and may 
conveniently be distinguished as the longztudinal flexor. It is rather small and 
indistinct in the sixth segment: its representative in the first will be described 
hereafter. 


Immediately external to each longitudinal flexor is an oblique band of muscle, 
the fibres of which take a somewhat wavy course : this is the ventral portion of the 
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outer limb of the envelopig muscle, and constitutes what we propose to call the 
external flexor of the segment into which it is inserted : it is connected by a narrow 
ligamentous band with the longitudinal flexor of the segment next im front, and from 
it the oblique flexor arises. By pressing the longitudinal flexors aside the transverse 
muscles are seen as well from below as from above. 


Anteriorly the ventral muscles are continued into the thorax by numerous bands 
arising partly from the inner surfaces of the epimeral plates, partly from the maxillary 
apodeme or foremost bar of the endophragmal system. They act, for the most part, 
as flexors of the first abdominal segment, and may be called the ¢hovacico-abdominal 
muscles, the separate slips bemg most conveniently distinguished by numbers. 


A large two-headed slip (1) arises from the maxillary apodeme; a second (2), also 
double-headed, arises by an immer head (2’) from the maxillary apodeme, by an outer 
head (2") from the epimeron of the third thoracic segment ; a third (3) arises from 
the third thoracic epimeron, a fourth (4) from the maxillary apodeme, a fifth (5) from 
the third thoracic epimeron, and a sixth (6) from the fourth epimeron, z.e., that 
corresponding to the first leg. All these unite to form a sheet of muscle partially 
divisible into longitudinal strands which are inserted into the first abdominal sternum. 
They therefore constitute the longitudinal flexor of the first segment. The innermost 
ventral strands, formed mainly from Nos. 1, 4 and 5, exhibit faint transverse tendinous 
intersections, and No. 2 unites with its fellow of the opposite side just ventrad of the 
thoracic transverse muscle. 


Finally a seventh slip (7) arises by two heads (7’ and 7’) from the epimeron of 
the fifth thoracic segment and divides into three bundles. One of these (7*) joins 
the slips mentioned in the preceding paragraph, becoming the outermost strand 
of the longitudinal flexor of the first abdominal segment; the second (7°) passes below 
the thoracic transverse muscle, and, as will be seen hereafter, joms the transverse 
muscle of the first abdominal segment; the third (7°), placed dorsally, passes distinctly 
backwards and is encircled by the thoracic enveloping muscle. As will be seen this 
latter bundle is the commencement of the central muscle of the abdomen, presently 
to be described. 


The greater part of the foregoing descriptions can be verified without the 
severance of a single muscle; to make out the connection of the various bands with 
one another it is necessary to cut and reflect the superficial ones. 


When the enveloping muscles of the thorax and of the first five abdominal 
segments are cut through by a longitudinal incision and reflected, each is seen to 
wrap round a curved cylindrical band, the cextval muscle of Milne-Edwards. This 
turns dorsad at its anterior end and, emerging between its own enveloping muscle 
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and that of the preceding segment, forms the oblique extensor already referred to 
(p. 162). 


The central muscles are all connected together by some of the fibres of one 
passing into the next, and the first, as already mentioned, arises from the thoracic 
slip No. 7. Thus the whole series of central muscles forms a continuous wavy 
longitudinal band extending from the thorax to the end of the abdomen, and sending 


off slips, acting as extensors, to the six anterior abdominal segments. 


After being cut and reflected the enveloping muscle is easily traced. In such a 
typical segment as the third its outer limb bends round the pleural region, reaches 
the ventral aspect, and is connected by an aponeurosis with the longitudinal flexor of 
the segment next in front, forming the external flexor already noticed: before passing 
into the aponeurosis it gives origin to the diverging bundle of fibres already noticed 
as the oblique flexor. The inner limb turns downwards, parallel with its fellow of the 
opposite side, and then sweeps backwards and becomes the longitudinal flexor of the 


next following segment but one. 


The enveloping muscle of the thorax takes a different course : its mer limb is 
normal, becoming the longitudinal flexor of the second abdominal segment; but its 
outer limb divides into two bundles, one of which passes into the transverse muscle 
of the thorax and so becomes continuous with its fellow of the opposite side, while 
the other sweeps backwards and inwards, round the central muscle, and joins the 
transverse muscle of the first abdominal segment. 


Two other enveloping muscles present peculiarities: the outer limb of that of 
the first abdominal segment goes to the sternum of its own segment instead of that 
next in front ; and the inner limb of that of the fifth segment goes to the sternum of 


the sixth. 


The transverse muscles of the abdominal segments are for the most part made up 
of three strands, best seen in the third and fourth segments. One strand is antero- 
dorsal in position and is formed by the union of fibres from the right and left central 
muscles of the segment next in front : another is antero-ventral and springs from the 
inner limbs of the enveloping muscles of the segment next in front: the third is 
posterior and somewhat dorsal in position and is derived from the central muscles of 


the segment itself. 


In the first segment the transverse muscle consists of three portions, two of 
which have been referred to separately. The dorsal portion is normal, springing from 
the central muscle ; the middle portion is derived from the outer limb of the thoracic 


enveloping muscle; the ventral portion springs from slip No. 7 of the thoracico- 
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abdominal muscles. In the second segment the slip from the enveloping muscle of 
the preceding segment is absent. In the fifth and sixth segments the three factors 
are so closely united as to form a single band. 


In the third, fourth and fifth segments the longitudinal flexor is reinforeed by a 
narrow slip springing from the mesial aspect of the central muscle of the segment 
next in front: this may be called the zxz¢ernal accessory longitudinal flexor. 


In the third and fourth segments there is also an external accessory longitudinal 
flexor arising from the central muscle of the segment next but one in front, and 
inserted with the external flexor into the sternal aponeurosis. 


The telson is depressed by a single muscle on each side, which arises from the 
fifth sternum and sends off a lateral slip to the basipodite of the sixth abdominal 
appendage. It lies dorsad of the flexor muscles of the lateral tail-lobes. 


Thus any typical abdominal segment, such as the third, is acted upon by the 


following muscles :— 
foo) 


1. A pair of saperficral extensors, situated in the segment next in front and 
inserted into the anterior border of the tergum near the middle line. 


2. A pair of deep extensors, situated in the segment next in front, beneath the 
preceding, and inserted into the anterior border of the tergum near the middle line. 


3. A pair of oblique extensors, derived mainly from the central muscle of the 
segment itself but partly also from that of the preceding segment, and inserted into 


the terguin immediately above the peg-and-socket joint. 


4. A pair of accessory oblique extensors, arising from the transverse muscle of the 


segment itself. 


5. A pair of superficial flexors, situated in the segment next in front and inserted 
into the sternum a short distance from the middle line. 


6. A pair of longitudinal flexors, arising from the inner limbs of the enveloping 
muscles of the segment next but one in front and inserted into the sternum near the 


middle line. 


7. A pair of external accessory longitudinal flexors, arising from the central muscle 
of the segment next in front and inserted with the preceding. 


8. A pair of external flexors, arising from the outer limbs of the enveloping 
muscles of the segment next behind and joining the insertions of the longitudinal 
flexors by an aponeurotic band. 
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9. A pair of external accessory longitudinal flexors, arising from the central 
muscle of the segment next but one in front and inserted with the preceding. 


10. A pair of odgue flexors, arising from the external flexors of the segment 
next in front. 


We thus arrive at the remarkable result that a typical segment in the abdomen 
of a macrurous crustacean has no fewer than ten pairs of muscles or muscular slips 
concerned in the simple movements of flexion and extension, of which alone it is 
capable. 


The following segments present variations from the typical arrangement just 
described :— 
Ist segment. 

1. The superficial extensor arises from the tergal region of the carapace. 

2. The deep extensor arises by five slips from the epimeral plate of the thorax. 


3. The superficial flexor arises from the sternal region of the thorax between 
the seventh and eighth segments. 


4. The place of the longitudinal flexors is taken by the thoracico-abdominal 
muscles which arise partly from the maxillary apodeme, partly from the 
epimeral plates. 


5. The oblique flexors and the accessory longitudinal flexors are absent. 


6. An additional external flexor is furnished by the outer limb of the enveloping 
muscle of the segment itself. 


7. The transverse muscle consists of three strands, one derived as usual from the 
central muscle, one from the outer limb of the thoracic enveloping muscle, 
and the third from slip No. 7 of the thoracico-abdominal muscles. 


2nd segment. 


1. The longitudinal flexor is constituted by the inner limb of the envelopmg 
muscle of the thorax. 


2. There are no accessory longitudinal flexors. 


3. The transverse muscle does not receive a slip from the enveloping muscle 
of the preceding segment. 
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4. The external flexor is reinforced by a band from slip No. 6 of the thoracico- 


abdominal muscles. 
5th segment. 


1. There is an additional longitudinal flexor furnished by the inner limb of the 


enveloping muscle of the fourth segment. 


2. The accessory oblique extensor, the external accessory longitudinal flexor, and 
the external flexor are absent. 


6th segment. 


1. The superficial and accessory oblique extensors, and the accessory longitudinal, 
oblique, external, and superficial flexors are absent. 


The longitudinal flexor is furnished from the inner limb of the enveloping 
muscle of the fifth segment. 


7th segment (telson). 


The only axial muscles connected with the telson are a pair of deep extensors 
and a pair of flexors arising from the sternum of the fifth segment. 


The lateral muscles of the abdomen consist of a single muscle (fig. 4) on each 
side called by Howes the levator abdominis. In our opinion the action of this muscle 
is more accurately expressed by calling it a rotator. We have observed in the living 
animal that the abdomen can be rotated, as a whole, upon the cephalothorax, this 
movement being rendered possible that there are no articulations between the 
posterior end of the thorax and the first abdominal segment, the two being connected 
merely by the loose thoracico-abdominal membrane. 


The rotator abdominis is a large three-headed muscle. The larger head arises 
from the inner surface of the carapace just posterior to the cervical groove, and above 
the branchio-cardiac groove. The middle head arises from the dorsal edge of the 
epimeral plate in the region of the seventh thoracic segment. The short head arises 
from the epimeral plate just below and behind the preceding. The three heads unite 
into a single tendon, which is inserted into a small sclerite* connected with the 
anterior border of the first abdominal segment. 


Acting together these muscles must draw the abdomen forwards, at the same 
time raising it slightly : acting separ ately they obviously act as rotators, each raising 


* Marked a in Huxley’s “‘ Crayfish,” fig. 38, and representing la of what Howes (‘‘Atlas”) calls the ‘‘ Thoraco- 
abdominal linkwoik” in Astacus. 


168 Macieay Memoriat Vobume. 


the lateral region of the first abdominal segment of its own side. This latter move- 
ment may be assisted by the thoracic portions of the deep extensors, each of which, 
acting separately, would supplement the action of the rotator of the opposite side. 


2. Muscles of the cephalothorax. 


Owing to the concrescence of the cephalothoracie segments the muscles of this 
region are greatly reduced. They are, in fact, represented only by numerous more 
or less parallel fibres passing from the inner surface of the cervical groove to the 
inner surface of the anterior and dorsal regions of the epimeral plates (fig. 10), 
These fibres are described but not named by Huxley ; we propose to call them the 
tergo-epimeral muscles. Their action must be to effect a slight approximation of the 
carapace to the sterno-epimeral region of the thorax. 


Il. Tue Appenpicutar Musctss. 


The general arrangement of the intrinsic limb-muscles is well known, although 
often inadequately described. The typical arrangement is that each podomere or 
limb-segment is acted upon by two muscles situated in the preceding or next proximal 
podomere. The muscles are usually of unequal size, the larger being a flexor, the 
smaller an extensor. Both are bipinnate, their fibres arising from opposite sides of 
the segment in which they occur and passing obliquely into opposite sides of a strong 
chitinized or partially calcified tendon. The extensor tendon is inserted into the 
proximal edge of the podomere upon which it acts, on the extensor side, half-way 
between the two peg-and-socket joints. The flexor tendon is similarly inserted on 
the opposite or flexor side, so that a straight line joining the two insertions is at 
right angles to one joining the two articulations. This arrangement is shown in 
fig. 12, which represents the muscles of the fourth leg. 


The extrinsic limb-muscles, however, z.e., those which arise from the axial 
exoskeleton and move the appendage as a whole, vary considerably in the different 


kinds of limb. 


1. Extrinsic muscles of the legs (figs. 13-17). 


The two proximal podomeres of the leg—the coxo- and basipodite—are so short 
that the muscles acting on them may be considered as moving the limb as a whole. 
In accordance with the mode of articulation of these segments the flexor of the 
coxopodite acts as an adductor of the entire leg, its extensor as an abductor, the 
flexor of the basipodite as a levator, its extensor as a depressor. 
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The muscles of the coxopodite arise entirely and those of the basipodite in part 
from the corresponding compartment of the endophragmal system. The compartment 
is bounded in front by what may be called its anterior endosternite, endopleurite, and 
arthrophragm, 7.¢., the plates so called* separating the segment in question from its 
immediate predecessor ; and behind by the posterior endosternite, endopleurite, and 
arthrophragm, which similarly separate it from the next following compartment. 
An oblique plate passes from the anterior endopleurite to the posterior endosternite 
and partly divides the compartment into two chambers—one antero-mesial, the other 
pe ystero-lateral. 


The adductor of the leg is a two-headed muscle: the outer head arises partly 
from the epimeron, partly from the anterior endopleurite ; the inner head arises from 
the posterior endosternite. The fibres of the two heads pass to opposite sides of the 
tendon which is inserted into the proximal edge of the coxopodite on its posterior 
aspect, just behind the place of origin of the podobranchia. 


The adductor of the leg is also two-headed. Both heads arise from the anterior 
endosternite, and the single short tendon into the anterior side of the proximal edge 
of the coxopodite. 


The devator of the leg has a long and a short head. The long head arises from 
the posterior endosternite, the short head from the dorsal region of the coxopodite. 
The tendon is inserted into the dorsal side of the proximal edge of the basipodite. 


The depressor of the leg also has a long and a short head. The long head arises 
from the posterior endosternite, the short head from the postero-ventral region of the 
coxopodite. The strong forked tendon is inserted into the ventral region of the 
proximal edge of the basipodite. 


The muscles of the maxillipedes resemble those of the legs except in detail. The 
abductor and adductor of the exopodite are lodged in the basipodite. 


2. Extrinsic muscles of the swimmerets (fiz. 18). 
oO 


The forward movement of the swimmeret is performed by a double-headed 
extensor which arises from the pleuron and is inserted into the basipodite. The 
backward movement is done by a single large fan-shaped flexor which arises from 
the pleuron just above the extensor and is inserted into the basipodite. The absence 
of articulations to the swimmerets probably allows of a feathering movement during 
the forward stroke. 


* See Huxley, ‘‘ The Crayfish,” p. 158. 
x 
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3. Muscles of the tail fin (figs. 8 and 9). 


The numerous muscles of the tail fin may be arranged in four groups as follows :— 
a. Axial muscles of the telson. These have been already described (p. 167). 


b. Extrinsic muscles of the lateral tail-lobes or appendages of the sixth 
abdominal segment: these are divisible into flexors and extensors. 


e. Adductor muscles of the tail fin, passing between the telson and the 
lateral tail-lobes and serving to approximate the various parts of the 
tail fin during the back-stroke. 


d. Muscles of the endo- and exopodites. 


Flexor of the lateral tail-lobe. There are no fewer than five well-marked muscular 
bands serving to depress each lateral tail-lobe, but as they are all inserted by a single 
tendon they are best considered as five heads of one and the same muscle. 


The dorsal head is a conical muscle arising from the middle region of the sixth 
abdominal tergum: the vertral head is a large flat band arising from the fifth sternum 
and passing backwards and outwards so as largely to cover the longitudinal flexor of 
the sixth segment m a view from beneath: the posterior head arises from the sixth 
sternum : the external head arises from the fifth sternum laterad of the ventral head: 
the accessory head is a branch of the flexor of the telson. All five heads unite in a 
strong tendon which is inserted into the proximal edge of the basipodite near the 
middle of its ventral side. 


The dorsal extensor of the lateral tarl-lobe arises from the sixth tergum imme- 
diately caudad of the dorsal head of the flexor, and is inserted by a distinct tendon 
into the dorsal surface of the proximal edge of the basipodite. 


The external extensor of the lateral tail-lobe arises from the sixth pleuron and 
passes directly backwards to be inserted by a distinct tendon immediately in front of 


the preceding. 


The long adductor of the tail fin arises by two heads from the tergum of the 
telson ; the origin is an extensive one, occupying about the anterior half of the 
tergum. The muscle is inserted into the arthrodial membrane uniting the basipodite 
of the lateral tail-lobe with the sternum of the sixth abdominal segment. 


The muddle adductor of the tail fin arises from the tergum of the telson 
immediately in front of the inner head of the preceding ; it is inserted into the flexor 
tendon of the lateral tail-lobe. 
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The short adductor of the tail fin arises from the outer corner of the anterior 
edge of the tergum of the telson, and is inserted into the ventral edge of the basi- 
podite of the lateral tail-lobe immediately caudad of the flexor tendon. 


The external abductor of the exopodite arises from the anterior face of the 
basipodite, and is inserted into the outer corner of the proximal edge of the 
exopodite. 


The Jong abductor of the exopodite arises from the dorsal region of the proximal 
border of the basipodite, and has an extensive insertion into the dorsal plate of the 
exopodite. 


The zxternal abductor of the exopodite arises from the ventral surface of the 
basipodite, and is inserted into the dorsal surface of the proximal border of the 
exopodite. 


The ventral adductor of the exopodite arises from the ventral surface of the 
basipodite towards its mesial side, and passes obliquely upwards and outwards to its 
insertion in the dorsal plate of the exopodite near its proximal end. 


The long adductor of the exopodite arises from the middle of the dorsal surface of 
the basipodite, and has an extensive insertion into the dorsal plate of the exopodite. 


The short adductor of the exopodite arises from the dorsal surface of the basi- 
podite, and is inserted into the ventral region of the proximal edge of the exopodite. 


The adductor of the endopodite arises from the middle of the dorsal surface of the 
basipodite and has a long insertion into the dorsal plate of the endopodite. 


4. Extrinsic muscles of the second maxilla (fig. 20). 


The extrinsic muscles of the second maxilla are of great size, considering the 
dimensions of the appendage itself: they act upon the scaphognathite and are 
therefore to be looked upon as the chief respiratory muscles. 


The protractors, or muscles which draw the scaphognathite forwards and inwards, 
are two long parallel-sided bands arising from the cephalic apodeme and inserted into 
the basal region of the appendages. They are opposed by a dong retractor which 
arises from the maxillary sternum, and by a fan-shaped, two-headed, short retractor 
which arises at the junction of the maxillary sternum with the cephalic apodeme. 


5. Eatrinsic muscles of the first maxilla (fig. 19). 


The peculiar sifting movements of the first maxilla are performed by four 
adductor slips arising from the cephalic apodeme, and by a very distinct abductor, in 
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the form of a conical muscle arising from the carapace behind and below the origin 
of the long adductor of the mandible, and inserted by a long slender tendon into the 
external aspect of the basal region of the appendage. 


6. Latrinsic muscles of the mandible (figs. 8 and 10). 


The doxg adductor is a large conical muscle arising from the dorso-lateral region 
of the carapace a short distance cephalad of the cervical groove ; it is inserted by a 
long calcified tendon into the postero-internal angle of the mandible. 


The short adductor is a small fan-shaped muscle arising from the cephalic 
apodeme and radiating outwards from its origin to a wide fleshy insertion on the 
inner or concave side of the mandible. 


The external adductor has an extensive origin from the inner surface of the 
carapace anterior to the cervical groove ; its short fibres pass directly mesiad to their 
broad fleshy insertion on the outer edge and adjacent part of the ventral or convex 
surface of the mandible. 


The Zong abductor is a band-like muscle arising from the cephalic apodeme and 
g } 

passing outwards and forwards to its insertion in the antero-external angle of the 

mandible. 


The short abductor arises from the lateral surface of the cephalic apodeme, its 
fibres diverging to their insertion in the posterior edge of the mandible. 


7. ALuscles of the antenna (figs. 8, 10, 24, and 25). 


The antenne of Palinurus are remarkable for their great size and for the fact 
that their proximal podomeres (coxopodites) have concresced with one another and 
with the carapace to form a flat horizontal plate, the pseudepistoma, on which the 
renal apertures are situated. It has been pointed out by one of us* that the adjacent 
or mesial walls of the coxopodites are represented by the vertical, two-layered zxternal 
coxal plate which projects inwards (dorsad), in the middle line, from the pseudepis- 
toma, while their lateral walls are represented by the oblique external coxal plates 
which project wards, in like manner, at the junction of the pseudepistoma with the 
carapace.t 


Connected with the pseudepistoma and the coxal plates are certain ligaments 
and functionless muscles which we consider to be the degraded representatives of the 
muscles by which the coxopodites were moved in the ancestors of the genus. 


* Parker, ‘‘On the Structure of the Head in Palinurus.” Trans. N.Z. Inst. Vol. XVI. 1883, p. 297. 


+ It is quite possible that the coxal plates represent, not portions of the coxopodite itself, but the insertions of 
calcified tendons which have become hypertrophied in order to serve as points of origin for the great antennary muscles. 
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Attached to the upper border of the external coxal plate is a strong but slender 
ligament which passes upwards and slightly forwards and outwards to be attached 
to the lower border of a strong sheet of fibrous tissue lining the prostomial plate. 
We propose to call this the anterior coxal Ligament, and consider it to be the vestige 
of a muscle which rotated the coxopodite inwards. 


_ Attached to the posterior border of the external coxal plate is a similar but 
shorter ligament which passes backwards and inwards to unite with the cephalic 
apodeme. We call this the fosterzor coxal hgament : it probably represents a muscle 
which assisted the action of the preceding, or the two may have been the distinct 
heads of a single muscle the tendon of insertion of which has now become the 
external coxal plate. 


Inserted into the upper edge of the internal coxal plate is a strong, slender, 
median ligament which passes upwards and slightly forwards into the apex of a 
pyramidal mass of muscle, the expanded base of which arises from the carapace and 
adjacent parts. This muscular cone is readily separable into two portions: the 
anterior part will be described hereafter as one of the muscles of the eye-stalks, the 
posterior part is bipimnate and arises, on each side, by two heads, one from the 
prostomial plate just below the ophthalmic fenestra, the other from the anterior 
region of the carapace near the middle line. We call this muscle the sapertor coxal 
muscle, and its ligament the median coxal ligament : it probably served to rotate the 
coxopodite outwards. 


The last of these interesting vestiges of a vanished musculature is a narrow 
band of muscle which arises from the carapace below the origin of the external 
adductor of the mandible, curves round the antero-external region of the mandible, 
and is inserted into the posterior edge of the pseudepistoma near its outer end. This 
external coxal muscle, although not reduced to ligament, must be quite functionless, 
since its ends are attached to two structures which are incapable of movement upon 


one another. 


The coxopodite being fixed, the muscles which move the antenna as a whole are 
those of the basipodite. The axis of articulation is oblique, so that its two movements 
are a combination of elevation with abduction and of depression with adduction. We 
shall speak of the muscles as levators and depressors. 


The superior levator arises from the inner surface of the carapace just above the 
origin of the external adductor of the mandible. Its fibres converge into a strong 
calcified tendon which is inserted into the dorsal region of the proximal edge of the 


basipodite. 
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The zzxfervor levator is a large cylindrical muscle arising from the outer surface 
of the external coxal plate and inserted, without a tendon, into that portion of the 
proximal border of the basipodite which is bounded above by the tendon of the 
superior levator and below by the infero-lateral hinge. The portion of the basipodite 
to which this muscle is attached is thickened and serrated for its insertion. 


The depressor is a large two-headed muscle. The outer head arises from the 
inner surface of the external coxal plate, the inner head from the internal coxal plate: 
the two heads unite in a large calcified tendon which is inserted into the mesio-ventral 


corner of the proximal edge of the basipodite. 

The zschzopodrte, or third podomere of the antenna, has three muscles, two levators 
and a depressor, all arising from the basipodite. The surface of origin of the depressor 
is increased by the inflection of part of the ventral region of the proximal border of 
the basipodite in the form of a small upstanding plate situated immediately laterad 
of the insertion of the depressor tendon described in the preceding paragraph. 


8. Extrinsic muscles of the antennule (figs. 21-23). 


fo) 


The articulation of the antennule is quite different from anything we have met 
with or seen described in the Arthropoda, This appendage is attached to the ventral 
end of the zxter-antennulary bar, a strong vertical plate connecting the prostomial 
plate (v7de zexfra) with the pseudepistoma. The basal podomere of the antennule is 
connected with its articular cavity by a very wide arthrodial membrane which 
extends all round the joint, there being no peg-and-socket articulations visible 
externally. Movement is possible in all planes, but, contrary to what would be 
expected from the extent of the arthrodial membrane, the antennule cannot be pulled 
in and out but always remains at a constant distance from its articular cavity. 


The explanation of this peculiarity is as follows :—The mesial border of the 
articular cavity is produced into a strong calcified peg which passes downwards, 
outwards and forwards, so as to project into the base of the antennule. A similar 
peg arises from the dorsal surface of the first segment of the antennule, near its 
proximal edge, and passes backwards and downwards, its apex coming in contact 
with that of the previously mentioned peg and articulating with it. In this way an 
internal articulation is produced, allowing of universal movement. 


The muscles of the antennule present very striking peculiarities. The appendage 
is raised by a long evator which arises from the infra-ophthalmic bar of the 
prostomial plate (vzde zufra, p. 175), and is inserted by a calcified tendon into the 
arthrodial membrane on its dorsal side. There is a small adductor arising from the 
inwardly projecting lateral edge of the inter-antennulary bar, and an adductor arising 
from the middle region of the bar; both are inserted into the arthrodial membrane. 
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The antennule is further acted upon by two muscles which, unlike those of the 
other appendages, are continuous through the three podomeres, and may be con- 
veniently called the zz¢ternal and external long antennulary muscles. The external 
muscle arises by a calcified tendon from the arthrodial membrane close to the ventral 
edge of the articular cavity: the internal has a similar origin from the dorso-mesial 
aspect of the articular cavity. The external muscle is closely connected at its origin 
with the abductor, the internal with the adductor. Both muscles extend distad and 
send off slips to the proximal edges of the second and third podomeres and of the two 
flagella. In the middle of the proximal podomere their fibres are intermingled. 
The internal muscle seems to act as a combined adductor and levator of the antennule 
as a whole, the external as a combined abductor and depressor. Each flagellum is 
further acted upon by a small muscle which apparently serves as an adductor. 


Thus the muscles of the antennule resemble those of the abdomen rather than 
those of a typical appendage, since there are continuous bands extending through the 
whole appendage, arising from a fixed structure and sending off slips into the movable 
parts. 


9. Muscles of the eye-stalks (fig. 25). 


The eye-stalks are attached to the prostomial plate, a concave structure over- 
arched by the rostrum and the supra-orbital spines, and continuous externally with the 
carapace proper: its ventral border forms the dorsal edge of the articular cavity of 
the antenna, and the inter-antennulary bar is continuous with its mid-ventral region. 
It is perforated in the middle by a large transversely oval aperture, the ophthalmic 
fenestra, which forms the articular cavity for both eye-stalks, their loose arthrodial 
membrane being attached to its edges. The portion of the prostomial plate above 
this aperture is the supra-ophthalmic bar, it gives origin to the procephalic processes 
and is continuous with the ventral plate of the rostrum: the portion below the 
aperture is the 7zfra-ophthalmic bar, and gives origin to the clasping processes which 
embrace the rostrum laterally. The whole prostomial plate is lined by a strong sheet 
of ligament which, as already mentioned, gives origin to the anterior coxal ligament, 
and which is continued below into a chiasma-like arrangement of fibres connected 
with the inter-antennulary bar and covering the dorsal ends of the levator muscles of 
the antennules. 


The arthrodial membrane of the eye-stalks is calcified dorsally by a small median 
sclerite having the form of a half cylinder, and hidden in the entire animal by the 
rostrum to the concave ventral surface of which it is closely applied. A short 
distance on either side of this zxter-ophthalmic sclerite the arthrodial membrane is 
continued into the eye-stalk which consists of a small éasa/ sc/erite, ncomplete below, 
and of the strongly calcified dzsta/ sclerite or eye-stalk proper. 
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The eye-muscles are inserted partly into the inter-ophthalmic sclerite, partly 
into the basal sclerite, and partly into the eye-stalk itself. 


The depressor of the inter-ophthalmic sclerite is a large bipinnate muscle arising 
from the median coxal ligament, and passing upwards in front of the superior coxal 
muscle to a double insertion in the inter-ophthalmie sclerite. This muscle depresses 


the eye-stalks and at the same time rotates them slightly backwards. 


The levator of the basal sclerite arises from the inter-ophthalmic sclerite and 
passes across the dorsal region of the arthrodial membrane to be inserted into the 


basal sclerite. 


The rotator of the basal sclerite arises from the infra-ophthalmie bar of the 
prostomial plate in common with the depressor of the eye-stalk : it is inserted into 
the posterior edge of the basal sclerite and produces a backward rotation of the 

I g 
eye-stalk. 


The eye-stalk contains four small straight muscles which surround the optic nerve 
and ganglion and are all inserted into the distal region immediately proximad of the 
cornea. Of these one is dorsal, arises from the basal podomere and acts as a levator: 
the other three arise from the prostomial plate, the anterior one being an adductor, 
the posterior an adductor, and the ventral a depressor of the eye-stalk. 


SumMary. 


1. The great ventral mass of muscle in the abdomen, usually considered to act 
exclusively as a flexor, gives rise to slips which, being inserted into the terga of the 
segments above the hinges, and pulling in an almost horizontal direction, must act as 
extensors. 


2. The ventral (so-called flexor) muscles of the abdomen exhibit far greater 
complexity than would be gathered from Milne-Edwards’ description of the muscles 
of Homarus. We have found it necessary to make numerous additions to the 
terminology, as it was hardly possible to describe the various flexor and extensor 
slips without giving them appropriate names. A list of the slips inserted into a 
typical abdominal segment is given on p. 163. (See also diagrams, Pl. xx1.) 


3. The muscle usually called levator abdominis is more accurately called a 
rotator, since it is the chief agent in rotating the abdomen as a whole upon the 
cephalothorax. 
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4. The muscles of the tail fin are very complex, several bands passing between 
the telson and the lateral tail-lobes, and so serving to approximate the parts of the 
fin during extension of the abdomen. 


5. The mandible is acted upon by three adductors and two abductors. 


6. Two pairs of muscles and two pairs of ligaments probably formed by the 
degeneration of muscles, are described passing between the axial skeleton and the 
pseudepistoma or fused coxopodites of the antennze. 


7. The antennule has a unique form of articulation allowing of movement in all 
directions. It contains two muscles, their fibres partially united, which arise from 
the axial skeleton and extend through the whole length of the appendage, sending 
slips to the various podomeres. The musculature of the antennule thus resembles 
that of the abdomen rather than that of the other appendages. 


DESCRIPTION OF PLATES. 


PLATE XVII. 


Fig. 1.—Two abdominal segments with the terga removed to show the extensor muscles: in the lower 
segment the superficial extensors are removed. 


Fig. 2.—Two abdominal segments with the intersternal membrane removed to show the superficial flexors. 


Fig. 3.—Three abdominal segments with the exoskeleton removed from the left side to show the insertions 
of the oblique extensors and flexors. 


Fig. 4.—Adjacent portions of the cephalothorax and abdomen, showing the rotator muscle and tlie 
insertions of the oblique extensors and flexors: the outline of the central muscle is dotted. 


Fig. 5.—Frozen sections through the thorax. 


Figs. 6 and 7.—Two frozen sections through the abdomen. 


PLATE XVIII. 


Fig. 8.—Dissection of the ventral muscles of the abdomen as exposed by the removal of the dorsal muscles, 
enteric canal, &c. On the left side portion of the enveloping muscles is removed to show the 
centrals. In the upper part of the figure the muscles of the antennz, mandibles, &c., are shown. 


Fig. 9.—Dissection of the ventral muscles of the abdomen from beneath. On the left side the longitudinal 
flexors are partly cut away so as to expose the transverse muscles, and the oblique flexors are 
displaced. 

a 
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PLATE XIX. 


Fig. 10.—Sagittal section of the body, showing the muscles of the abdomen, antenna, mandible, &e. 
Fig. 11.—The same, with portions of the enveloping muscles removed. 


PLATE xx. 


Fig. 12.—Intrinsic muscles of the fourth leg. 


Figs. 13-17.—Extrinsic muscles of the same, posterior aspect: fig. 13, after removal of the fifth leg ; fig. 14, 
after removal of the endosternite and arthrophragm ; fig. 15, after removal of the posterior 
wall of the coxopodite ; fig. 16, after removal of the abductor and depressor; fig. 17, after 
removal of the levator. 


Fig. 18.—Muscles of a swimmeret (male). 

Fig. 19.—Muscles of the first maxilla. 

Fig. 20.—Muscles of the second maxilla: the adductor and long abductor are removed on the right side. 
Fig. 21.—Muscles of the right antennule, from the outer side. 

Fig. 22.—The same after removal of the abductor and external long antennulary muscles. 


Fig. 23.—The articulation of the left antennule as exposed by the removal of the muscles from the onter 
side. 


Fig. 24.--The anterior region of the head, seen from within, showing the extrinsic muscles of the 
antennule, &e. 


Fig. 25.—A similar dissection (twice natural size), showing the ophthalmic muscles. 


PLATE XXI. 


Fig. 26.—Diagram of the abdominal muscles in the form of a sagittal section, 


Fig. 27.—Diagram of the ventral muscles of the abdomen, dorsal aspect. 


OBSERVATIONS UPON THE ANATOMY OF THE MUZZLE OF 
ORNTTHOREYVNGHOS* 


By J. T. Witson, M.B., Proressor or Anatomy, Untversiry or Sypney, anp C. J. 
Martin, M.B., B.Sc., Demonstrator or Puystotoay, University or SyYpDNEY. 


(Plates xxu.-xxu.) 


The term “duck-bill” as commonly applied to the muzzle of the Platypus seems to 
have been the source of a certain degree of misconception in regard to the characters 
of that portion of the animal, not merely on the part of the unlearned multitude 
but of not a few eminent comparative anatomists. 


This so-called “ duck-bill” is deseribed by Huxley (1) as “a flattened muzzle 
resembling the beak of a duck.” This quite correctly expresses the form and general 
appearance of the muzzle, but the integument is by no means “leathery” as this 
author terms it. Owen (2), too, speaks of the lips as “ transitorily manifested, it is 
true, at the suckling period, but which soon degenerate into the pergameneous border 
of the beak,” and again (p. 384) “the jawbones are invested by a smooth coriaceous 
integument.” Such terms as “leathery,” “pergameneous” and “coriaceous” are 
inappropriate and misleading, but they are certainly less so than the term “horny” 
which is used by some other authors. 


Thus, Flower (3) speaks of the premaxille as supporting the “ partly horny 
partly membranous beak which fills up the space between them and extends consider- 
ably on each side and in front.” Mivart, too (4), in his chapter on the “external 
skeleton,” writes thus :—‘“ The epidermis of the outside of the muzzle and jaws may 
also be converted into horn as in the beak of birds and in that of the turtle. Asa 
remarkable exception, the same thing may take place in man’s own class: this we see 
by the duck-billed Platypus, which really has a horny beak very like that of a duck.” 

As a matter of fact, the epidermis of the muzzle of Platypus is no more “ horny” 
than that of a dog’s nose, from the texture of which indeed it does not greatly differ. 

The sole explanation intelligible to us of such applications of the epithet “horny” 
to the skin of the muzzle of Platypus is that the statements have been based upon an 
examination of preserved specimens which had undergone partial desiceation—which 


* An abstract of this paper was published in the Abstract of Proceedings of the Linnean Society of N.S.W., 
August 31st, 1892. 
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indeed pretty rapidly occurs in the unprotected skin of the snout. In the living, 


” 


perfectly fresh specimen the skin is not even “leathery” or “ pergameneous,” like that 
of the duck, but on the contrary is, as Waterhouse (5) described it, “naked skin”— 
“uniformly smooth and flexible’—not only at the free margins or lip-folds but 
throughout the whole extent of the muzzle. This integument is not even remarkably 
thick as the latter author’s description elsewhere implies, since the epidermal layer 
averages about 0-4mm. 


In the living animal the whole muzzle, including both upper and lower jaws, is 
covered by smooth soft and humid skin, pigmented over the whole dorsal aspect of 
the muzzle, but pale or almost white on the ventral aspect. Both on the upper and 
lower jaws the skin-covering extends beyond the limits of the osseous facial skeleton, 
forming free flexible upper and lower lips bounding the entire gape. 


These lips, however, do not consist of skin folds only, but, as will presently be 
seen, they possess a cartilaginous skeletal basis, and in this latter respect, certainly, 
they differ from true lip-folds. It will be convenient, however, to continue to refer to 
them as the lips of the animal. 


It is unnecessary to enter into any detailed description of the osseous skeleton 
of the jaws as the anatomy of the dried adult skull is adequately given in the various 
text-books which deal with the subject. But the cartilaginous basis of the lips 
forming a marginal extension of the skeleton of both upper and lower jaws is 
completely ignored by some writers, though noticed and figured by Meckel (6) and 
subsequently by Owen (7) and by W. K. Parker (8). The latter author, indeed, has 
fully recognised the importance of the arrangement in question, but we believe that 
its true significance in the morphology of the skull of the animal has been hitherto 
entirely overlooked, and indeed we are unaware that any author except Parker has 
inquired into the question. 


The skeletal basis of the upper lip forms a strip of cartilage, which averages 
about a centimetre in breadth, and is intimately adherent laterally and in front to the 
free margins of the maxillze and premaxille, which are slightly grooved for its better 
attachment. Its lateral part extends backwards as far as the lateral projection of the 
maxilla which overhangs the antorbital foramen and is attached to that process 
opposite the opening of the foramen, so that some of the nerve bundles issuing from 
it pass superior and some inferior to the cartilage, lying between it and the skin 
above and below to which they are distributed. 


The corresponding cartilage in the lower lip forms a somewhat similar strip 
attached to the anterior divergent ends of the rami of the mandible, but it has a 
more limited lateral and backward extension than that in connection with the upper 
jaw, while, as will presently be pointed out, it also differs structurally from the latter. 
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Since Parker’s views represent the sole extant interpretation of these structures 
we shall quote his words for purposes of discussion. 

Referring to the so-called “ duck-bill,” he says :—** Much as it resembles the beak 
of a duck its structure is widely different . . . [the bones| do not, as in the duck, 
finish the margins of the beak, for in that bird, as in its congeners, the bones of the 
upper face run close to the quick that secretes the bony sheath. But the duck-billed 
mammal is quite unique ; the whole outline of the great rostrum is formed by a large 
sheet of solid hyaline cartilage right and left. This extraordinary growth of true 
cartilage in the extended upper lip is quite similar to the growth in the lower lips of 
mammals generally, viz., that slab of cartilage on which the dentary bone grafts itself 
to form the bulk of the solid maxilla inferior.” And he further proceeds —“ We have 
to go down amongst the lower cartilaginous fishes for similar outgrowths of superficial 
cartilage in the region of the mouth.” 


It is not quite clear from the above quotation whether in Parker's view the 
marginal cartilage of the lower lip of Platypus is, or is not, actually the free marginal 
portion of that “slab of cartilage” upon which the dentary has grafted itself. We 
niss, indeed, any special reference to the inferior marginal cartilage of the mandible 
of the adult Platypus on the part of this author. That cartilage, however, though 
analogous in position and function to the cartilaginous basis of the upper lip, we find 
to be essentially different from it, in that it consists only of white fibro-cartilage and 


thus probably possesses no very special morphological importance. 


The strip or sheet of cartilage bordering the upper jaw, on the other hand—the 
“Jarge valance of solid cartilage” as Parker graphically calls it—is composed of true 
hyaline cartilage, and we believe it to have a structural meaning not only different 
from that of the inferior marginal cartilage but wholly different from that suggested 
by Parker. 

If our interpretation of it be correct we have not only zof to “ go down amongst 
the lower cartilaginous fishes” for an explanation of it, but we need not even go 
beyond the pale of the class mammalia to find a key to the solution of this structural 
puzzle. 


The observations which have yielded the results embodied in this paper have 
been carried on both by means of dissections, and by the study of series of coronal 
sections of the snouts of adult animals. We regret that, as yet, we have been unable 
to amplify and corroborate our conclusions by the aid of observations upon young and 
developing specimens, but we believe that, so far as they go, the conclusions arrived 
at will be found sufficiently definite and intelligible to justify their publication. 


The dorsal aspect of the anterior part of the facial skeleton of Ornithorhynchus is 
characterised by the presence of diverging “rostral crura,” as we propose to eall them 
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throughout this paper, consisting chiefly of the premaxillary bones which turn 
inwards abruptly in front—forceps-like—to limit the bony rostrum anteriorly, while, 
in the hinder part of each crus, the premaxilla is wedged in between, and supported 
by, the splint-like forward (rostral) prolongations of the nasal and superior maxillary 
bones, internally and externally respectively. 


A very extensive open gap which we may call “inter-crural” is thus included 
between these rostral crura. This interval is open in front between the forceps-like 
points which do not approximate very closely to one another. Viewed from the 
dorsal aspect this interval narrows posteriorly into a mere notch between the nasal 
bones where it limits the incomplete bony anterior narial aperture which is partially 


divided by the incomplete bony septum. 


Viewed from the ventral or palatine aspect (fig. 17) the same area is visible, open 
in front, and bounded laterally by the same diverging bony crura (of which, however, 
the nasal component is not here visible, bemg confined to the dorsal aspect), but 
truncated posteriorly because bounded by the abrupt, notched, anterior margins of 
the palatine processes of the superior maxillary bones. The presence of a notch on 
the anterior border of each palatine process gives rise to the appearance of a mesial 
tongue-like process projecting into the hinder angle of the wide inter-crural space. 
The anterior margin of this tongue of bone is abrupt and is in relation with the 
hinder end of the dumb-bell-shaped bone. 


This so-called dumb-bell-shaped bone was originally regarded by Rudolphi (8), 
Meckel (9) and Owen (10) as the equivalent of an inner division of the inter-maxillary 
bones. Then Owen (11), followed by Flower (12), interpreted it as the homologue 
of the prenasal of the pig. But more lately Albrecht (13) and Turner (14) have 
shown that the original view is the more correct one, and this finding has been 
adopted by Flower and Gadow (15), and more recently confirmed by Symington (16). 


The last-named author concludes that “the dumb-bell-shaped bone from its 
position in relation to the cartilages of the nose is evidently ossified in the membrane 


investing them.” 


With the exception of Symington, none of the authors referred to seems to have 
investigated the constitution and connections of the cartilaginous walls of the nasal 
cavities in this region with special reference to their intimate relation to the dumb-bell- 
shaped bone. Symington, indeed, has accurately described and figured the construc- 
tion and disposition of the nasal cartilages in the immediate neighbourhood of the 


dumb-bell-shaped bone and has arrived at the conclusion quoted above from his work. 


He has also stated in outline the constitution of the nasal capsules in front of the 
dumb-bell-shaped bone. There are, however, some points of importance in the 
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structure of the anterior part of the nose to which he has not referred and which 
render the anatomy of that region less simple than his account would suggest. And, 
further, his work does not refer to the anterior connections of the nasal cartilages, and 
the structural arrangements in the anterior part of the imterval between the rostral 
crura. 


Sir Wm. Turner (17), however, has referred to that interval as filled in by 
“fibrous membrane” “attached behind to the anterior free border of the palate plate 
of each inferior maxilla, at each side to the inner border of the inter-mavxilla, and in 
front it fills up the interval between the recurved tips of the inter-maxille. This 
membrane, therefore, prolongs the palate forwards to the tip of the beak. The edge 
of the dumb-bell-shaped bone is surrounded by the membrane, and is attached by it 
to the anterior free border of the palate plate of the superior maxilla.” 


The only author known to us who seems to have entertained a different view of 
the way in which the inter-crural space is filled up in the recent state, is Briihl 
(18), who in his plates figures the interval as partly filled up by a layer which he 
labels “mem.” with “(car.)” in brackets. 


Of the connection presently to be described between this thin cartilaginous 
lamella and the marginal cartilage of the upper jaw, Briihl gives not the slightest 
indication. In fact he does not seem to have been aware of the very existence of the 
marginal “labial” cartilage. - 


Prior to our acquaintance with this indication in Briihl, simple dissection of the 
space had convinced us of the cartilaginous nature of the layer which Turner has 
described as fibrous membrane, and this conclusion was entirely confirmed by the 
subsequent study of coronal sections (vide figures 1-16). But our investigation 
further revealed the facts, (1) that this lamina of hyaline cartilage is in direct 
continuity behind with the true cartilaginous nasal septum and is therefore a truly 
prenasal element of the axial cranial skeleton, and, (2) that it is in direct continuity in 
front with that “valance of solid cartilage” the superior “labial,” which may, therefore, 
be looked upon as a forward and lateral growth and expansion of the prenasal part 
of the axial skeleton and as no mere labial appendage. 


A study of the figures which accompany this paper will further tend to establish 
the conclusion that originally the inter-crural lamella and the superior “ labial” 
cartilage were continuous, not merely mesially and in front, but also laterally, and that 
interruption of this continuity is due to the growth of the premaxillary as a splint 
grafted on both dorsal and ventral aspects of the continuous cartilaginous plate and 
gradually causing absorption of the latter. Figure 16 taken just at the front of the 
premaxilla where it is deeply grooved anteriorly for the attachment of the labial 
cartilage will sufficiently indicate the sense of this hypothesis. 
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In view of the fact that we have not as yet been able to investigate the develop- 
ment of this prenasal cartilaginous tract it would be rash to deny the possibility that 
the marginal cartilage of the upper lip may arise as a truly separate labial cartilage 
which subsequently fuses with the prenasal axial tract behind it. But, (a) the inter- 
crural lamella of cartilage at least is certainly a greatly expanded true prenasal ; (b) 
there is complete continuity in front between this true prenasal and the marginal 
cartilage of the adult upper jaw: and, (c) it is less difficult to imagine an extraordinary 
outgrowth in the lip of a pre-existing expanded prenasal slab of cartilage than to 
inagine the reappearance, or survival, in a single mammal of such an archaic feature 
as the superior labial cartilage for whose archetype we must “go down amongst the 
lower cartilaginous fishes.” 

Even apart from the ample development of the prenasal or rostral cartilage in 
some mammals, ¢.g., the pig (c/ Parker and Bettany, Morphology of the Skull, 1877, 
fies. 77-82), the great development of the corresponding cartilaginous tract amongst 
some birds must be taken account of, the more especially that the avian affinities of 


monotremes are not to be wholly ignored. 


The process of development in the bird’s skull, as described by the late Prof. W. 
K. Parker (19) for the duck tribe, appears to us to present a close and instructive 
analogy to that which we suppose to have occurred in the case of the skull of 
Platypus. 

In reference to the prepituitary portion of the chondrocranium Parker remarks, 
*. . in the bird, as in cartilaginous fishes, that which forms the middle part 
of the foundation of the [orbitonasal] wall is carried forwards as a long ‘ prenasal 
rostrum.’ This part forms most of the skeleton of the skate’s large beak; in the 
bird it 1s the temporary model on which the secondary facial skeleton rs formed.’ And 
again (p. 10), “The morphology of the ‘prenasal rostrum’ is evident ; it is a mere 
fore-growth of the intertrabecula, and in skates, sawfish, and even in some Ganoids 
it is often of great length.” 


The author then refers to his Pl. un fig. 1, representing the ventral aspect of the 
skull of a nearly ripe embryo of Cygnus nigricollis, and to this plate we also would 
specially direct attention. There, in the anterior part of the beak, is seen the carti- 
laginous prenasal rostrum forming a considerable tract of cartilage bounded on either 
side by the developing premaxillze, which are gradually encroaching upon it and causing 
its disappearance. If, however, this encroachment of the premaxille were arrested at 
this stage, the bones of opposite sides remaining separate, instead of fusing across 
the middle line to form the bony spatulate beak of the bird, we should have a 
condition morphologically identical with that in Platypus, due to the persistence of 
the inter-crural prenasal plate of cartilage. But in Platypus we must believe that 


the embryonic prenasal cartilaginous rostrum is a much more extensive structure than 
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it is in the bird, for we have not merely in the adult the persistence of the broad 
inter-crural plate but of that great “leafy tract” of inarginal cartilage extending 
forwards and laterally round the free margin of the bony rostrum. 


It will thus appear that the existence of a true cartilaginous homologue to the 
prenasal of the pig is an additional and sufficient reason for rejecting the theory that 
the latter is represented in Platypus by the dumb-bell-shaped bone. 


We believe that the topographical and other relations of the structures under 
consideration will be best elucidated in detail by our commenting seriatim upon the 
more important features presented by series of coronal sections, of which the figures 
represent the most typical and significant specimens. 


A coronal section of the snout of Platypus through the anterior end of Jacobson’s 
organ is represented in fig. 1. It closely corresponds to the illustration fig. 1 of 
Symington’s paper (20). 

Here we have to note the constitution of the cartilaginous nasal skeleton as 
formed by the septum nasi (s.7.) thickened along its ventral border and in contact 
ventrally with the approximated ends of the alinasal cartilages (@.2.) which here are 
thickened so as to form cartilaginous capsules for the organs of Jacobson (/). These 
alinasal cartilages completely surround the nasal cavities forming the floor, lateral 
walls and roof of the capsules, and dorsally are seen to be continuous with the dorsal 
border of the septum. Ventrad of the alinasals, and closely applied to them, where 
they meet below the septum nasi, is the anterior expanded portion of the dumb-bell- 
shaped bone (d.0.). 

In the lateral region of the section is seen the rostral crus cut across and 
consisting of its three bony elements—the premaxilla (f.2.) forming the chief 
constituent, supported internally and externally by the rostral processes of the nasal 
(z.) and superior maxilla (vzxv.). Wedged into a groove on the outer border of the 
crus between the edges of maxilla and premaxilla is the base of the superior marginal 
eartilage (s.7.c.) which extends outwards, thinning towards the free hip-margin (curled 
slightly in process of hardening). 

For the characters of sections taken posterior to this coronal plane we refer to 
Symington’s paper already quoted. 


The subsequent figures represent the successive changes in configuration of the 
sections seen in passing forwards from the plane of fig. 1. Figs. 2 and 3 represent 
stages of transition from the foregoing type of structure. They are taken in front of 
the organ of Jacobson and the ventral borders of the alinasal cartilages have thus 
diminished in bulk. The ventral border of the septum nasi is seen to be undergoing 
slight lateral expansion, while the intermediate part of it immediately above is 
becoming constricted. 

Z 
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In fig. 4 (see line of section in fig. 17) the septum nasi is seen to have undergone 
separation into a ventral moiety (z.s.v.), still more expanded laterally than in the 
preceding sections, and a dorsal moiety (v.s.d¢.) continuous at its dorsal border with 
the alinasal cartilages. The ventral borders of the alinasal cartilages have become 


more flattened, being encroached on by the enlarging ventral part of the septum nasi. 


The very anterior end by the dumb-bell-shaped bone is cut through at this plane 
and, being slightly notched anteriorly, it appears in two pieces. An interruption in 
the continuity of the alinasal cartilage dorsally 1s noticeable. 

In fig. 5 the only important feature is the shght separation from each other of 
the hitherto apposed mesio-ventral borders of the alinasals, thus exposing the 
expanded ventral part of the septum nasi from below. 

In fig. 6 the separation of the alinasals ventrally is well marked, while it is to be 
noted that here the ventral moiety of the septum nasi has not only become widely 
triangular but has descended somewhat, so as to occupy a position between, and in the 


same plane as, the divaricated alinasal cartilages. (See also fig. 17, s.z. and a.z.) 


Fig. 7 shows how, still more anteriorly, the ventral division of the septum nasi 
fuses laterally with what was formerly the mesio-ventral border of the alinasal, so as 
to constitute a continuous floor-plate of cartilage whose composite character must 
not be lost sight of. It is to this cartilaginous plate that we have applied the name 
of “prenasal plate” (f.7..), in view of the fact that its mesial element is a forward 
prolongation of the ventral part of the cartilaginous nasal septum, z.e., of the axial 
continuation of the primitive chondrocranium. 


Again we would lay considerable emphasis on the great similarity, which seems 
to us to amount to actual morphological identity, between this condition in Platypus 
and that which the late Professor W. K. Parker (21) has figured in the illustration 
of his memoir already referred to (his Pl. 11. fig. 1, and also fig. 5). 


If Parker’s figure of the skull of an embryo Cygaas nigricollis, viewed from the 
ventral aspect, be examined along with the view of the sagittal section in his fig. 5, 
and compared with our figure 17, it will be seen that, as im Platypus, so here, the 
nasal floor posteriorly is formed by the alinasal cartilages meeting in the mesio-ventral 
line, but that as they are traced anteriorly they are seen to diverge from one another 
while the prenasal expansion of the ventral border of the septum descends into the 
palate and takes up a position between them, and then extends forward as a prenasal 
plate between the developing premaxille. In Platypus, of course, the dumb-bell- 
shaped bone partly clothes the ventral surface of the apposed alinasals; and anteriorly 
the almasals are continuous on either side with the broad prenasal plate. 


Fig. 8 shows little more than fig. 7. It may be noted, however, that the 
continuity of the alinasal is further interrupted laterally. This change is probably to 
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be associated with the close approach to the region of the nostril which opens dorsally 
by breaking through the alinasal. At this level, too, the maxillary splint of the 
rostral crus has disappeared. 


In fig. 10 (see Ime of section in fig. 17) it is to be observed that the prenasal 
plate has acquired an attachment to the imner border of the premaxilla, and hence 
it here forms a complete inter-crural plate of cartilage. It is at this plane then that 
the prenasal cartilage is first seen to be united by the medium of the premaxilla with 
the superior marginal (“labial”) cartilage with which we surmise it to have been 
originally directly continuous laterally, as it is permanently in front. The last trace 
of the nasal splint of the rostral crus is seen in this section, and here in the immediate 
vicinity of the external nostril the horizontal septa (4.f.) of the nasal cavity lose their 
continuity between the lateral walls. 


Fig. 11 passes through the hinder border of the external nostril (azz. nar.), and 
only mere traces of the horizontal septa projecting from the mesial wall of the cavity 
are visible. The dorsal moiety of the septum is seen to have flattened out and to 
have descended somewhat, but it still remains in continuity on each side with the 
mesio-dorsal portion of the alinasal, which here helps to form the skeleton of the 
nostril on the inside. 


In fig. 12—a section through the middle of the apertures of the external nostrils 
—a somewhat odd arrangement of cartilage is seen mesially between the nostrils, due 
to the further descent of the remnant of the dorsal portion of the septum nasi (w.s.d.) 
and its flattening out, and to the elevation, on each side of it, into a vertical attitude, 
of the remains of the mesio-dorsal portion of the alinasal (a.v.). This rearrangement 
occurs rather abruptly, and at first we were somewhat puzzled by the box-like 
structure thus formed. A comparison of figs. 11 & 12, however, renders the 
structural change quite intelligible. 


Further forwards, as in fig. 13, which represents a section through the anterior 
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border of the nares, the components of the mesial cartilaginous structure just 
> > | 

described separate from one another and increase in size, and, in fig. 14, the mesial 

part of the alinasal once more becomes continuous with the lateral portion, completing 

the cartilaginous wall of the nostril below and in front. (See also fig. 15. 

t=) 5 


Fig. 16 (see line of section in fig. 17) shows a section taken through the very 
anterior tips of the premaxillary bones, exhibiting the actual continuity of the 
prenasal plate with the marginal cartilage of the jaw. It is to be observed that the 
prolongation forwards of the dorsal moiety of the septum nasi is still visible, also 
forming a “prenasal” cartilage (z.s.¢.). It lies immediately dorsal to the prenasal 
plate, and a little more anteriorly it vanishes, while the prenasal plate becomes the 
“valance of solid hyaline cartilage” in front of the bony rostrum (fig. 17, s.7z.c.). 
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The main conclusion from the observations recorded in this paper may be 


expressed as follows :— 


The prenasal portion of the axis of the embryonic chondr« cranium — a prolon- 
eation of the intertrabecular cartilage—does not disappear in the course of the 
development of the skull of Platypus, and it not only persists but attains a high 
deeree of structural development fart passu with the great increase of the facial 
skeleton of this animal, and actually assumes considerable functional importance as 
part of the skeleton of the snout or muzzle. 


Finally, we wish to express our thanks to Mr. J. J. Fletcher for his kindness in 
placing several papers at our disposal for consultation ; and to Mr. Robert Grant, 
the able assistant in the Physiological Laboratory, for much practical assistance. 
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EXPLANATION OF PLATES. 


GENERAL REFERENCES THROUGHOUT FIGURES. 





n.c.—Nasal cavity. s.m.c. _—Superior marginal cartilage. 
s.m.—Septum nasi. epith. _—KEpithelium covering muzzle. 
a.n.—Alinasal. n.s.d. —Dorsal moiety of septum nasi. 
d.b.—Dumb-bell-shaped bone. n.8.v. —Ventral moiety of septum nasi. 
J, —Jacobson’s organ. pnp. —Prenasal plate of cartilage. 
h.p.—Horizontal partitions of fore part of nasal cavity. ant.nar.—Anterior nares. 

pz. —Premaxilla. sf. —Foramen of Stenson. 

n. —Nasal. p-nar. —Posterior nares. 
ma,—Maxilla. 8.M. —Socket for horny molar tooth. 


PLATES XXII.-XXIIl. 


Figs. 1 to 16.—Coronal sections of snout of Platypus. x 6 diameters. 


Fig. 17.—Ventral aspect of facial skeleton of Platypus. Cartilage tinted blue, bone yellow. Natural size. 


Note transverse dotted lines, showing planes of sections represented by figs. 4, 10 and 16. 
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ON THE PECULIAR ROD-LIKE TACTILE ORGANS IN THE 
INTEGUMENT AND MUCOUS MEMBRANE OF THE 
MUZZLE OF ORNITHORHYNCAUS. 


By J. T. Witsoy, M.B., Proressor or Anatomy, Universiry or Sypney, anp C. J. 
Martin, M.B., B.Sc., Demonstrator or Puystotocy, University or SypNey. 


(Plates xx1v.-xxvi.) 


Some six months since, we were fortunate enough to have in our possession a live 
specimen of an adult Orvnzthorhynchus. We kept the creature in a cage containing 
a tank for three weeks. 


The animal usually procures its food by raking away in the mud at the bottom 
of rivers for small larvee, shellfish, insects, &e.* We fed ours on small snails and 
worms, which, together with water-weeds, were placed in its tank. At the end of 
three weeks we killed it in order to secure the tissues in a perfectly fresh condition 
for histological purposes. 


During the time it had been under observation, while it was alive, we noticed 
among other things the markedly sensitive nature of its so-called beak. This 
observation, together with the fact noticed by Meckel,t of the enormous development 
of the fifth pair of nerves (which are absolutely very much larger than the same 
nerves in man, notwithstanding the fact that the animal is only about a foot and a 
half in length) decided us to investigate the destination of these nerves. 


On removing the skin from the upper surface of the snout, the infra-orbital and 
nasal branches of the fifth nerves are seen emerging from their foramina and 
branching out in a brushlike manner towards the free margin of the snout. The 
infra-orbital foramina are placed in the Platypus at the lateral margins of the 
skeleton of the upper jaw, and their position is indicated by prominences of the 
bony contour of the jaw, to which the extreme hinder ends of the upper marginal 
cartilage are attached. (See our paper “On the Anatomy of the Muzzle of 
Ornithorhynchus” in this volume.) 


* Dr. George Bennett. Trans. Zool. Soc. Vol. I. p. 229. 
+ Ornithorbynchi paradoxi descriptio anatomica, 
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As noted by Meckel* the infra-orbital nerve bundles emerging from the 
foramen pass forwards, some dorsad, some ventrad, of the marginal cartilage to reach 
the respective surfaces of the upper lip. 


The abundant supply of bundles of medullated fibres is very great, and such as 
we have never seen in any other animal. Some idea of this extensive nerve supply 
may be gained by consulting fig. 12, Pl. vm., in Meckel’s monograph already referred 
to ; or our own fig. 1, Pl. xxiv., which represents a photo-micrograph of a transverse 
section of the extreme lateral edge of the flattened snout. . In this section, which was 
stained by Kultschitzky’s method,+ the transversely cut bundles of medullated nerves 
are seen lying midway between the cartilage and the surface, those on the upper 
surface being much larger than the inferior ones. The blue-black staining of the 
large bundles of medullated fibres strikingly demonstrates the extraordinary wealth 
of nerve tissue. 


In the Proceedings of the Physiological Society, June, 1884, Mr. Poulton gives 
a very brief account of some points in the structure of the skin covering the so-called 
beak of the Platypus.{ Among other things he mentions the existence of certain 
rods embedded in the epidermis and arranged perpendicularly to the surface, which 
he describes as hair-like in structure. This author also pomts out that at the base 
of each rod two or more Pacinian bodies are applied, with their axes parallel to the 
surface, and he considers that these latter are operated upon by pressure applied to 
the slight, boss-like projections of the rods at the surface, comparing them, in fact, 
to the knob of the push of an electric bell. 


Before we became acquainted with this brief note of Mr. Poulton’s observations, 
we had devoted a considerable amount of attention to the investigation of these 
structures, and had come to conclusions which are largely identical with his as 
regards their general structure and probable function. In our investigations, 
however, a number of additional structural points: have revealed themselves which 
represent a material extension of our knowledge of these peculiar sense organs. 


Our observations have been made upon longitudinal and transverse sections, 
including several series, of freshly fixed tissue, treated by very various ways of 
stainng. The most valuable for the purpose of tracing the destination of the many 
nerve-fibres which are supplied to each rod-like organ, we have found to be Freud’ss 
gold chloride, and Kultschitzky’s method.| 

* Loe. cit. 


+ Anat. Anzeiger, 1889, p. 223. 


t ‘On the tactile terminal organs and other structures in the bill of Ornithorhynchus.” Journ. Physiol. Vol. V. 
This paper is stated to be an abstract only, but we have been unable to discover any fuller contribution by Mr. Poulton. 

§ Arch. f. Anat. u. Physiol. 1884, p. 453. 

| Loe. cit. 
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It is a matter of regret that we did not inject the living animal with a solution 
of methyl blue ;* but we were anxious to obtain specimens of all the organs, 
including the brain, hardened in suitable fluids; and we were not at the time aware 
that we should encounter any end-organs of particular interest. We have endeavoured 
ever since to obtain a second live specimen to subject to this process, but hitherto 
without success. 


For general histological investigation we used tissue treated with Flemming’s 
fluid, or Miiller’s fluid, and variously stained, the best results bemg obtained by 
hematoxylin or hematoxylin and eosin, and anilin blue-black. 


These peculiar organs are to be found in the skin covering both upper and lower 
jaws, and are not confined to the external surface only, but are freely distributed 
over the internal or buccal aspect, and are also found embedded in the mucous 
membrane covering the hard palate and that surrounding the horny molar teeth. 
The difference between the epithelium covering the buccal surface, and that on the 
external surface is very slight, and the transition from the one to the other very 
gradual, the thickness of the epidermis slowly diminishing as one passes inwards and 
backwards towards the palate. 


In the case of the upper “lip” the two surfaces are distinguishable owing to 
the much larger amount of pigment situated in the deeper layers of the epidermis 
covering the external surface. Such a distinction, however, does not obtain in the 
lower lip. 


Poultont+ has drawn attention to the presence of these same organs on the 
transverse slightly horny ridges, on the buccal surface of the lips at either side. 
We further find that, in sections of the horny molar teeth, there are columns 
perpendicular to the surface which in parts stain slightly with nuclear stains, and 
which, when seen under a high power, show a series of imbricated superimposed 
cells arranged in a manner such as we shall show to be characteristic of the rod-like 
organs met with in the neighbouring mucous membrane and in the general epidermis 
of the snout. This appearance in the horny teeth is so striking that we cannot but 
regard it as due to the presence in them of similar organs which have undergone 
more or less cornification in common with the surrounding epidermis, so as to form a 
structure of sufficient hardness to subserve the dental function. 


Our observations show that these organs having such an extensive distribution 
are most concentrated at the free margins of the upper and lower lips, especially the 
former. 


* Ehrlich, Abhand, k. Akad. Wiss. Berlin, Feb. 25, 1885. 
+ Loc. cit. 


Witson and Marrin— Rod-like Tactile Organs in the Muzzle of Ornithorhynchus. 193 


We have also examined the mucous membrane covering the anterior portion of 
the snout of the Echidna and of the palate of this animal; but no such organs are 


present. 


The organs, the general appearance of which is well shown in fig. 3, Pl. xxiv., 
which is a photo-micrograph of a vertical section stained with logwood and eosin, are 
remarkably like the roots of hairs surrounded by their follicles, but possessing no 
papille. The core is seen to be both longitudinally and transversely striated, which 
still further adds to the resemblance. Directed towards the base of the organ a 
thick leash of nerve-fibres is seen, some of which end in from two to six small 
Pacinian-like bodies, which are here situated in apposition with the flat base of the 


re d-organ. 


These Pacinian-like corpuscles, together with the general nervous arrangement 
of the organs, will be discussed later. This rod-like organ is surrounded in its 
superficial half by the cells of the general epidermis, from which, however, it 1s 
sharply differentiated, as those epidermal cells which come into apposition with it 
are turned up so as to le with their long axes in a direction almost vertical to the 
surface. They thus form a kind of follicle enclosing the rod, and are no doubt forced 
into their upright attitude by the upward growth of the rod (figs. 3 and 4, Pl. xxv. ; 
fe. 8; Pl xxv.; and fig: 15, Pl. xxvz.). 


In its deeper half the organ is surrounded by the dermal tissues, the fibrous 
tissue of which is arranged around it in a circular manner, so as to form a definite 
sheath (fig. 13, Pl. xxv.). Such a relationship with the tissues of the cutis is probably 
occasioned by the epithelial downgrowth which forms the rod causing a depression in 
the summit of a dermal papilla. 


The epithelial elements composing the shaft of the organ are arranged in three 
concentric layers, as may be seen in fig. 15, Pl. xxvi., which is a semi-diagrammatic 
representation of a vertical axial section, or in the photo-micrograph of a transverse 
section of the organ, in its passage through the epidermis (fig. 6, Pl. xxiv.). In this 
latter the three rings of nuclei belong to the three layers. 


The innermost layer, whose elements constitute the core, is made up of a number 
of superimposed imbricated epithelial lamine, each of which is in the shape of a 
hollow truncated cone. These elements are compound and made up of three or more 
nucleated cells, but we have been unable to discover any differentiation between the 
component cell-bodies, and have come to the conclusion as to their compound nature 
on account of their possessing three or four nuclei, which nuclei form the most 
centrally disposed group, seen in the photo-micrograph of a transverse section, already 
referred to. 

eR 
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An idea of the shape and relations of these elements may best be obtained by 
reterrmg to the diagram, fig. 16, Pl. xxvi, which represents the side view of these 
truncated cones. In fig. 15 is shown a semi-diagrammatic drawing representing the 
various elements of the core unnaturally separated from each other: the central 
portion shows the elements of the core in optical section. These diagrams have been 
largely constructed from teased specimens of sections of the rods. Fig. 17, Pl. xxv1., 
shows two of the elements of the core and one cell from the neighbouring layer, 
drawn to nature from such a teased specimen. The section has gone vertically 
through the core, so as to divide the cones into two nearly equal halves, which 


halves are seen as it were from the inside. Each half possesses a nucleus. 


In the natural condition these conical elements are placed one upon another as 
closely as possible, so that in a longitudinal section of the entire organ the periphery 
of the core appears obliquely striated at about an angle of 45° to the axis of the 


organ (fig. 5, Pl. xx1v., or fig. 22, Pl. xxvz.). 


The apical end of the truncated cone is formed by a sharp inflection of the upper 
edges of the epithelial lamina, which meet or nearly meet in the axis of the cone. 
In section the profiles of these inflected edges present a clubbed appearance. (This 
description and the illustrative diagrams might suggest that only a minute axial 
canal is left in the centre of the core; but such a conclusion would certainly be 
erroneous, since, as we shall by and by see, a whole leash of fibrils occupies this 
area. We believe that at their central ends the epithelial cell elements of the conical 
laminz are partially detached from one another to admit the passage of the fibrils 
referred to.) 


The intermediate layer consists of narrow imbricated nucleated cells arranged 
not unlike the tiles of a roof, at a more oblique angle to the axis than those of the 
laminee forming the core, and completely encircling this latter. These cells form the 
second nucleated circle seen in fig. 6, Pl. xxiv. External to these is a layer of 
polyhedral nucleated cells arranged in a circular manner around the last-named layer, 
and constituting the outermost layer of the shaft. The longer axes of these poly- 


hedral cells have a nearly horizontal direction. 


Surrounding the so-constituted shaft of the rod-organ one finds in the superficial 
half the general epidermis, the neighbouring cells of which are pushed from their 
usually horizontal direction into an oblique or nearly vertical position, presumably by 
the upward growth of the organ. In the deeper half it is surrounded by the dermis, 
which forms for it a compact fibrous sheath. The external relations of the organ 
will in its different parts be at once seen on looking at figs. 3, 4, and 6, Pl. xxtv., and 
info se al EAL oe. 45 
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The nerve apparatus with which each rod-like organ is equipped consists of the 
thick leash of medullated nerve-fibres already referred to, together with the various 
terminations of these fibres, which end in three distinct ways. Two of these different 
kinds of nerve-endings are associated with the presence of special end-organs, while 
fibres of the third class of ending terminate in free fibrils in the manner subsequently 
to be described. 


The first method of termination is that described by Poulton,* viz., in four or 
five small Pacinian-like bodies. We may quote from this author as follows -— 
“Inferiorly these rods terminated in a convex surface, against which a group of 
small Pacinian bodies was always collected. Horizontal sections showed that this 
association was invariable, and that the groups usually contained four, five, or six 
Pacinian bodies. The Pacinian bodies were quite similar to those in the tongue of 
Ornithorhynchus.+ They are arranged with their sides parallel to the surface from 
which the pressure is communicated.” 


In respect of the Pacinian-like bodies, we have very little to add to the 
descriptions of this author in the journals above-mentioned. We have, however, 
noticed that very frequently, in addition to the four or five small Pacinian-like 
bodies situated in the position mentioned by Poulton, one or more bodies, similar as 
regards structure, but of a size two or three times as great, are found lying in the 
dermis, a short distance from the base of the organ (figs. 7, 8, and 9, Pl. xxv.). 
These Pacinian-like bodies are substantially identical with those described by Corti 
as occurring in the tongue of the elephant, and figured by Krause in his papers on 
the nerve-endings in terminal corpuscles, under the name of ‘“ Endkapseln.” 


The second mode of nerve-ending is one which has not been noted by Mr. 
Poulton. Some of the nerve fibres proceeding towards the base of the rod-organ, 
and passing in close proximity to the Pacinian-like bodies, enter the base of the rod 
to end in a number of specialised organs which do not precisely correspond in 
character to any other form of nerve end-organ known to us. These bodies, which 
we have accustomed ourselves to call ‘lenticular bodies,” are oval in shape and about 
13 in their longest diameter, and appear to consist essentially of two clear vesicular 
cell-like structures, shaped somewhat like plano-convex lenses. Between the 
approximated plane surfaces of these is placed an intermediate layer, forming a disk 
or meniscus, which stains deeply with gold chloride, while the other elements remain 
for the most part untinged. This disk is in direct continuity with the axis-cylinder 

* Loc. cit. 

+ Quart. Jour. Micro. Sci. July, 1883. 


+ Zeitschrift fiir wissenschaftliche Zoologie, 1854, Bd.V. S. 89 
§ Arch, fiir mikroskopische Anat. Bd. xrx. S. 61, u. fig. 8. Taf. 11. 
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of a nerve-fibre, and may be regarded as the flattened and expanded termination of 
the latter. It would thus seem to correspond in some of its morphological characters 
and in its probable significance, to the menisci or tactile disks described and figured 
by Ranvier* in the epidermis of the pig’s snout. These lens-like bodies are small, 
searcely larger than the surrounding epidermal cells of the base of the rod, and we 
have so far been unable to detect nuclei in the demilunes in spite of the clearness of 
their substance. A nerve-fibre, on approaching one of these end-organs, is seen to 
lose its medullated sheath shortly before joming the body, whilst the primitive 
sheath is continued so as to form a delicate capsule for the organ. The structure of 
these end-organs may be seen by referring to fig. 10, Pl. xxv., and figs. 18, 19, and 


fo} 


20, Plate xxvi. The last figure is semi-diagrammatic. 


The principle of this arrangement is similar to that which obtains in the 
constitution of a Grandry’s corpuscle. But in the first place the lenticular bodies 
here described are intra-epithelial, and not sub-epithelial like Grandry’s. Secondly, 
the average size of the latter corpuscles, as given by Krause,t is 67», which is five 
times the size of our “lenticular bodies.” Lastly, a well-marked vesicular nucleus 
and nucleolus are always to be seen in the component cells of the corpuscles of 
Grandry. 


The third species of sensory nerve-termination with which the rod-organs are 
provided consists of a rich supply of fine terminal fibrils traversing the shaft of the 
rod from base to surface. These fibrils were observed and described by Mr. Poulton, 


but he failed to recognise their nervous character and connections. 


Those medullated nerve-fibres which do not end either im the Pacinian-like 
bodies or in the “lenticular bodies,” enter the base of the rod in two fairly distinct 
series, a central and a peripheral. The fibres of the central group are pretty closely 
associated with the fibres for the lenticular bodies, and enter the rod by piercing its 
flat basal surface. Here they find their way for a short distance between the 
epithelial cells, being directed towards the axis of the rod. They then suddenly lose 
their white sheaths and the naked axis-cylinders, which are here frequently branched, 
and are continued peripherally along the axis of the shaft, forming a bundle of 
delicate parallel fibrils (figs. 11 and 21, Plates xxv. and xxy1.). 


In transverse section this bundle of fibrils is seen to occupy a circular area in 
the centre of the core, corresponding to the axial region of the epithelial conical 
laminz already described (fig. 13, Pl. xxv.). In their course the fibrils of this 


central or axial bundle must traverse the inner portion of the core as represented by 


* Compt. Rend. 1877. Tome LXXXV. 
+ Krause, loc. cit. S. 87. 
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the lines af in fig. 15. In some transverse sections of the rod they appear to nearly 
fill the centre of the core (fig. 13, Pl. xxv.), while in others they are arranged as a 
circle around the centre (fig. 6, Pl. xxiv.). 


Oo 


The peripheral series of nerve-fibrils form a complete circle running vertically 
from near the base to the surface, and situated between the epithelial conical laminze 
which constitute what we have designated the core (c, in fig. 15), and the layer of 


imbricated cells outside this (vz, fig. 15). They are shown as a circle of dots in this 
position in the transverse sections (fig. 6, Pl. xxiv., and fig. 13, Plate xxv.). 


The medullated nerves from which these fibrils spring enter the sides of the 
organ a short distance above the base (figs. 19 and 21, PI. XXVI.). 


After entering they speedily lose their medullated sheaths and give rise to a 
number of small fibrils, which find their way amongst the epithelial cells forming the 
basal portion of the organ [and so far not arranged into any definite circular series, 
21 


Pl. xxvz.)|, until they arrive between the core and the layer of imbricated cells. 


such as was described above in the more superficial part of the organ (fi 


8: 
They then run vertically upwards in a parallel course to the surface. 


The fibrils of both groups present a very characteristic appearance ; they are 
finely and closely varicose throughout, and the varicosities are situated all at the 
same levels in each of the parallel fibres of the groups. These varicosities occur in the 
intervals between the superimposed epithelial elements, as is semi-diagrammatically 
shown in fig. 15, Pl. xxvi. They can be seen both in the stained and unstained 
specimen. In fig. 12, Pl. xxv., and fig. 22, Pl. xxvr, there is represented a specimen 
stained with hematoxylin, by which the fibrils are left unstained, showing a broken 
rod-like organ, from the fractured end of which the varicose fibrils may be seen 
projecting, like the antennz of some insect. The fibrils, however, are best seen in 
fig. 21, Pl. xxvi., which is a drawing from a section stained by gold chloride by 
Freud’s method, by which these structures are very beautifully brought out as deep 
purple or violet limes, whereas the surrounding structures are only faintly stained. 


The nerve fibrils can be traced almost, if not quite, up to the convex free surface 
of the rod; but towards the surface they are only faintly discernible, as they, along 
with the epithelial elements of the rod, participate in the corneous change which the 
superficial layers of the epidermis undergo. This corneous change, however, is never 
so complete as to obliterate the contours of the cell elements and nuclei either in the 
structure of the rods or in the surrounding epidermis. 


In conclusion, we have pleasure in expressing our best thanks to Dr. T. H. 
Barker, of Wellington, N.S.W., for his kindness in procuring and forwarding the live 
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specimen of Orxithorhynchus, and to Prof. Anderson Stuart for his courtesy in 


placing at our disposal well-hardened specimens of the snout of Echidna for 
comparative study. 


In the production of the illustrations which accompany this paper we have to 
express our large indebtedness to Mr. Robert Grant, the able assistant in the 
Physiological Laboratory, with whose photo-micrographic camera, and with whose 
valuable assistance, some of our best photo-micrographs were obtained. Much 
other incidental aid in the preparation of the illustrations has been rendered us by 
the same enthusiastic helper. 


EXPLANATION OF PLATES. 


PLATE XXIV. 


1.—Photo-micrograph of vertical section of lateral margin of snout (“upper lip”) of Platypus. 


Kultschitzky’s stain. Zeiss’ 70 mm. objective without ocular. x 12 diameters. Cf. key 
drawing, fig. 14, Pl. xxv1. 


Fig. 2.—Photo-micrograph of vertical section of skin of snout of Platypus. Picrocarmine stain. Beck’s 
2-inch objective without ocular. x 70 diameters. Shows general view of epidermis in section, 
including vertical section of two rod-like organs. 


g. 3,—Photo-micrograph of vertical section of rod-like organ and neighbouring epidermis. Hematoxylin 
stain. Zeiss’ objective A, compens. ocular No. 6. x 135 diameters. Shows general view of 


structure of rod-organ, with thick leash of nerve-fibres passing to it in dermal tissues, and two 
Pacinian-like bodies at its flattened base. 


Fig. 4.—Photo-micrograph of superficial half of the rod-like organ shown in fig. 3. Zeiss’ objective D, 
compens. ocular No. 6. x 625 diameters. The shaft of the rod is best defined in the 
lower part of the figure, where the different layers are easily distinguishable (see fig. 15 for 
semi-diagrammatic representation of the various elements). The comparatively wide and 
striated core of the shaft is constituted by the structures marked c. in fig. 15, and corresponds 
to the whole space in fig. 15 between the two lines marked p.f. This core is seen to be bounded 
by a well-marked layer with deeply stained nuclei, constituted by the imbricated cell-elements 
marked m. in fig. 15 ; while immediately external is the layer of large polyhedral cells marked 
p. in fig. 15. Outside this layer in the upper part of the photo is the layer of slightly modified 
cells of the general epidermis, marked e. in fig. 15, and in the lower part of the photo also is a 
somewhat irregular layer of slightly modified epidermal cells, outside which are found the 
dermal tissues, which completely surround the lower half of each rod. 


Fig. 5.—Photo-micrograph of vertical section of middle part of rod-like organ, fixed in Flemming’s fluid 


and unstained. Beck’s objective 2 inch without ocular. x 200 diameters. To illustrate 
structure of shaft of rod-like organ. 
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Fig. 


Fig. 


6.—Photo-micrograph of horizontal transverse section of rod-like organ in its superficial half. 


Hematoxylin stain. Zeiss’ 4 mm. apochromatic objective, projection ocular No.2. (Achromatic 
condenser). x 435 diameters. The innermost four to five nuclei are those of the conical epithelial 
lamine referred to in the text. In the area surrounded by these nuclei is to be seen a circular 
arrangement of white dots, which are the transverse sections of the axial group of nerve-fibrils, 
while external to the nuclei is a wider circlet of white dots, which are the peripheral series of 
nerve-fibrils. Immediately surrounding the latter is a circle of dark transversely elongated 
nuclei, which are those of the imbricated cell-elements marked m. in fig. 15. Outside this 
circle again is the thicker layer and polyhedral cells, enclosed in turn by the modified cells of 
the general epidermis, which are, however, at this level slightly interrupted by the very tips of 
the dermal papillary upgrowths surrounding the rod and here just cut across. 


PLATE Xxv. 


7.—Photo-micrograph of horizontal transverse section through the layer of Pacinian-like bodies 


immediately subjacent to the flattened base of a rod-organ. Anilin blue-black stain. Beck’s } 
inch objective, no ocular. x 200 diameters. Between and around the Pacinian-like bodies 


may be seen sections of medullated nerve-fibres on their way to enter the base of the rod. 


8.—-Photo-micrograph of vertical section, lower half of rod-like organ shown in fig. 3. Beck’s } inch 


objective, without ocular. x 200 diameters. To show the thick bundle of medullated 
nerve fibres ascending towards the base of the rod, two Pacinian-like bodies beneath the flat 
base of the rod, and a number of “lenticular” nerve end-organs embedded among the 
epidermal cells forming the base of the rod. In the shaft of the organ the longitudinal 


striation due to the presence of the axial and peripheral groups of nerve-fibrils is visible. 


9.—Photo-micrograph of vertical section of base of another rod-organ. Heematoxylin stain. Beck’s 


objective } inch, without ocular. x 200 diameters. Shows group of “lenticular bodies ” in 
base of rod and a Pacinian-like body in the dermis at some distance below the rod, and of 


larger size than those placed immediately under the base. 


Fig. 10.—Photo-micrograph of vertical section of base of another rod-organ. Freud’s gold chloride stain. 


Zeiss’ 3 mm. apoch. hom. imm. objective. Projection ocular No. 2. (Achromatic condenser). 
x 580 diameters. Shows two “lenticular bodies” in base, with horizontal dark stained line 
crossing each, due to the gold impregnation of the nerve disk or meniscus between the lens- 


shaped cell elements. Also nerve-fibres passing into base of rod to give off terminal fibrils. 


ig. 11.—Photo-micrograph of vertical section, basal portion of rod-like organ. Freud’s gold-chlovide 


stain. Zeiss’ 4 mm. apochrom. objective. Projection ocular No. 2. (Achromatic condenser). 
x 435 diameters. Shows more especially the medullated nerve-fibres entering the base of the 
rod and there losing their white sheaths, the axis cylinders breaking up into the terminal 
nerve-fibrils, which course peripherally through the shaft. Observe that the fibres which give 
off the peripheral group of nerve-fibrils enter the lateral aspect of the rod slightly above the 
base. 


Fig. 12.—Photo-micrograph of vertical section of rod-organ, broken about its middle. Hematoxylin stain. 


Zeiss’ D objective, compens. ocular No. 6. x 625 diameters. Shows bundle of varicose 
nerve-fibrils belonging to axial group projecting, antenne-like, from broken end of rod-like 
organ into empty space formerly occupied by peripheral end of rod. Observe that the fractured 
end of the core of the rod exhibits the profile-contour of one of the truncated conical epithelial 


elements figured semi-diagrammatically in fig. 16 (c). 
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Fig. 13.—Photo-micrograph of horizontal transverse section of rod-organ in its deeper half. Anilin blue 
black stain. Beck’s } inch objective, without ocular. x 200 diameters. The rod, here in its 
deeper half, is completely surrounded by the dermal tissues. Note the central axial group 
surrounded, at some distance, by the circlet of the peripheral set of nerve-fibrils, all appearing 
as white dots. 


PLATE XxXVI. 


Fig. 14.—Outline drawing to serve as key to photo-micrograph, fig. 1, Plate xx1v. 


Fig. 15.—Semi-diagrammatic representation of the constituent elements of the shaft of a rod-like organ. 
e., cells of general epidermis slightly modified and forming a kind of follicle; p., outermost 
layer of shaft formed of large polyhedral cells; m., layer of imbricated flattened cells with 
deeply-staining nuclei, which are transversely elongated, see fig. 6, Plate xxiv. ; c., hollow 
truncated conical epithelial amine formed by fusion of nucleated epithelial cells. These 
peculiar elements are shown in optical section, as from the inside, as well as in sectional profile. 
ps: represents one of the peripheral circles of terminal nerve-fibrils ; a,f. represents one of the 
axial systems or groups of terminal nerve-fibrils. Observe that the varicosities regularly 
alternate with the epithelial lamine. 


Fig. 16.—Diagrammatic representation of the superimposed truncated conical epithelial laminz which 
make up the core of the rod. c., conical lamine, nucleated ; a.f., axial group of nerve-tibrils. 


Fig. 17.—Drawing of teased elements from core of rod-like organ. Stained hematoxylin and eosin. 
x 300 diameters. c., conical epithelial lamina; 7., one of its nuclei; m, one cell of the 
imbricated layer (m. in figs. 6 and 15). 


Fig. 18.—Transverse section through extreme base of rod-like organ. Anilin blue-black stain. x 250 
diameters. /., “lenticular bodies”; P., tip of a Pacinian-like body; w., meduilated nerve- 
fibres ; d., ensheathing dermal tissue. 


= 
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. 19.— Vertical section of basal part of rod-like organ and its nerve apparatus. Freud’s gold chloride 
stain, x 820 diameters. Shows medullated nerve-fibres in lower part of drawing, ascending 
tortuously towards the base of the rod. Two Pacinian-like bodies are seen beneath the flat 
rod base and two “lenticular bodies,” one with a nerve-fibre joining it is seen amid the 
epithelial cells of the base of the rod. In addition two medullated nerve-fibres are seen to 
enter the side of the base and, losing their white sheaths, they give origin to terminal fibrils of 
the peripheral circlet. 


Fig. 20.—Semi-diagrammatic representation of a ‘“ lenticular” nerve end-organ, with nerve-fibre joining it. 
x 1300 diameters. v., vesicular cell-like structures; sh., sheath, continuous with neurilemma ; 
nu., flattened nuclei in sheath; me., disk or meniscus continuous with axis-cylinder of nerve- 
fibre ; aw., axis-cylinder of nerve-fibre ; w., medullary sheath of nerve-fibre. 


Fig. 21.—Vertical section rod-like organ. Freud’s gold chloride stain. Shows nerve-apparatus, including 
Pacinian-like and “lenticular” bodies, and axial and peripheral systems of terminal fibrils. 
y., nerve-tibres extending upwards, the tissues of dermis in cleft between rod and general 
epidermis. 


Fig. 22.—Drawing of same section as that represented in fig. 12, Pl. xxv. Hematoxylin stain. Zeiss’ 
apochrom. objective 4mm., compens. ocular No. 6. x 400 diameters. The fibrils are as 
distinct in the specimen as in this drawing, but they are not black but only highly refracting. 


ON: PARVACOCHLEA- FISCHER, SMITH: 
By C. Heptey, F.L.S. 
(Plate xxv.) 


For an opportunity of dissecting an example of Parmacochlea fischeri, Smith, I 
am indebted to the Committee of Management of the Macleay Museum, who kindly 
sacrificed a specimen of their collection for the purpose. I have further to gratefully 
acknowledge the permission granted to me by the Trustees of the Australian Museum 
to devote the necessary time to the study of this mollusc and to communicate the 
result to the Macleay Memorial Volume. 


The species was first noticed in “An Account of the Land and Freshwater 
Mollusea collected during the Voyage of the ‘Challenger’ from December, 1872, to 
May, 1876,” by Edgar A. Smith, P.Z.S. 1884, p. 273, Pl. xxi. figs. 15-15e. A new 
genus was here created for the reception of a mollusc of which one half-grown 
example was procured at Cape York, Queensland, by the ‘“ Challenger” collectors. 
Since the publication of these figures and description of the external features and 
shell scarcely anything has been added to our stock of information regarding this 
animal, It has, however, been frequently collected by Australian naturalists and 
appears to be a characteristic and fairly common form along the coast of tropical 
Queensland, northward of S. latitude 20°. 


? 


The Macleay Museum representatives were collected at Cairns by Mr. Froggatt. 
Mr. Brazier chronicles it under the name of Vtrzva sp. (P.L.S.N.S.W. (1), Vol. I. 
p- 129, species 64), from No. IIT. Island, Barnard Group, and describes the creature’s 
habits as arboreal. Mr. Beddome also took this species at Cardwell; and it was 
observed by the writer at the Bloomfield River, near Cooktown. 


At the close of the briefest summary of the species (Manual of Conchology, 
Ser. 2, Vol. I. p. 167) Tryon remarks, “ Vztvina australis, Reeve, is suspiciously like 
this species.” On comparing V. australis, as portrayed in the “ Conchologica 
Iconica,” Vol. XITI., Article “Vetrina,” Pl. x. fig. 70, with the figures 15b and 15¢ of 
Pl. xxi. P.Z.S. 1884, representing the shell of P. fischeri, no suspicious likeness, but 
a very tangible distinction, presents itself to me. 


V. australis is not at present known to inhabit Australia on any other authority 
than that of Cuming, whose inaccuracy in such matters was proverbial. 
BB 
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The spirit specimen I have before me measures 27 mm. in total length; the 
muzzle projecting about 4mm. in front of the mantle neck-lappet, and the tail 12mm. 
behind the visceral hump. From the sole of the foot to the top of the visceral hump 
is 10mm., and from sole to keel the tail is 44mm. high. From the pulmonary orifice 
to the muzzle measures 10mm. 


The outline of my example somewhat resembles that of the spirit specimens of 
Cystopelta petterdi, Tate, (P.L.S.N.S.W. (2) V. PI. 1. fig. 1), and of Parmella etheridget, 
Brazier, (Rec. Aust. Mus. I. Pl. x1 fig. 1), consisting of a narrow straight foot 
surmounted by an oblong visceral hump. Probably from having been plunged into 
stronger alcohol, my example is more shrunk and the visceral mass rises more abruptly 
than in the “Challenger” specimen. Both probably bear the same relation to the 
living snails as the above-quoted figure of C. petterdi does to the figure subsequently 
published (P.L.S.N.S8.W. (2) VI. Pl. ut. fig. 5). To further illustrate its probable 
appearance in life, and for comparison of the mantle lobes, I add a drawing of its ally, 
Flelicarion robustus, Gould.* 


In death, the mantle, retracted from a heart-shaped space 7mm. wide, exposes 
a portion of the shell; but in life it probably conceals the whole. The shell is that 
shade of sherry yellow common to other of the Hed:carzonine, and, though thin, is 
sufficiently stiff to form a flat roof to the visceral hump. The mantle is finely 
wrinkled and papillate. Though its lobes have grown together much more than in 
FHelicarion, they have not attained the extreme development of Cystope/ta, where the 
shell has entirely disappeared and the lobes are fused together into one seamless 
whole. Neither has P. fischer? reached the stage of Parmella etheridget, where the 
various lobes have become atrophied, for diminutive right and left dorsal lobes are 
still preserved (PI. xxvu. figs. 1,2 aandb). The sides and sole of the foot are a pale 
ochreous-yellow, facial area blackish and the mantle a purplish-brown. The tail, of 
the same height throughout and possessing the usual pedal line and diagonal grooves, 
is sharply keeled and terminates in a large mucous pore cleft to the sole, but not 


overhung by a horn. 


Shell, 164mm. long, 9mm. wide and 5mm. deep, when freshly extracted ; 
rudimentary, thin, transparent, waved and striated concentrically and crossed by faint 
spiral grooves ; somewhat like a finger-nail in shape and texture. Whorls two and 
a-half, rapidly increasing, the mode of growth passing from spiral to straight; the 
last whorl diverging, like a Dolade//a shell, from its predecessor with which a wrinkled, 


* This sketch was made Sept., 1888, from a specimen found at Little Nerang Creek, South Queensland, which is 
thus described in my note-book. ‘‘ Helicavion, sp.—Total length, 46mm. Colour generally light yellow; mucous gland 
brilliant pink, neighbourhood of gland and sole of foot a fainter pink ; tubercles of keel orange ; grooves diagonally across 
the back an intense black; mantle flesh-coloured with irregular black spots. Keel terminating posteriorly in a horn-shaped 
projection above the gland. When extended shows a flat white saddle-like space behind the shell. Tentacles rather long, 
finely tuberculated. ‘The space between the tentacles and the mantle covered with narrow longitudinal tubercles. Mantle 
coarsely papillate, the two lobes completely covering the shell when the animal is undisturbed. Sole of foot divided 
longitudinally by a median area,” 
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white, shelly, supplementary plate connects it; fringed around the circumference by 
a short, thin, membranous, epidermal margin. The suture of the last whorl is 
margined and overlies the anterior edge of the supplementary plate, being contorted 
on reaching it. Nuclear shell submarginal; viewed from beneath it resembles a 
slipper having the apex for a toe. The hard calcareous wall of the apical pouch is 
continued along beneath the suture of the last whorl, dividing the interior of the shell 
into two chambers, the smaller of which is roofed by the supplementary plate. Deep 
within the nuclear shell appears a twisted columella, whose position is marked on the 
exterior wall by a groove. The shell appears to have pursued its erratic course from 
the earliest infancy; when freshly hatched the appearance of the shell might elucidate 


the history of the development of the species. 


Jaw rather straight, flat and smooth, obtusely keeled in the centre, keel 
terminating below in a rounded median beak, above emarginate, ends rather square. 


The radula is in shape a parallelogram, measuring 44 by 14mm. and consisting 
of 152 rows of 54: 20:1 :20:54; the laterals squarely cross the membrane in a 
waved line; from them the marginals curve outwardly and anteriorly. Rachidian : 
basal plate a third longer than broad, anterior and posterior margins straight, lateral 
ones bent inwards, causing the general outline to resemble that of an hour-glass ; 
reflection the breadth of the base, divided a little posterior to the basal constriction 
into three cusps, the central and largest being lanceolate, surpassing by half its length 
the basal margin, the outer cusps a quarter the length of the parent, dentate and 
furnished with considerable cutting points. Laterals rather larger than the rachidian : 
basal plate sinuate, a proximal projection fitting into the constriction of the rachidian’s 
basal plate, the posterior proximal angle suppressed, the alate or distal one moderately 
developed; reflection with the inner cusp suppressed, the site marked by a slight 
projection, the main and distal accessory cusps well developed. About four irregular 
teeth are transitional, to which succeed the marginals, numerous, inclined, slender, 
sinuate, cusp bicapitate, base distal, roughly triangular, its posterior angle sometimes 
appearing like a third cusp to its second neighbour. A considerable portion of the 
viscera is lodged in a cavity excavated in the substance of the foot; in this respect 
Parmacochlea advances nearer to the condition of Limax than do Cystopelta or 
Parmella. The genital system resembles on the whole that of the Helicarion figured 
by Col. Godwin-Austen, “Land and Freshwater Mollusca of India,” Pl. xt. figs. 8, 8a, 
but varies from it much in detail. In addition to a “kalk sac” similar to £ of the 
figure quoted, a second cecum exists close to the attachment of the retractor muscle, 
distinguished as 4 in my figure. The apparatus is further remarkable for the 
excessive multiplication of the convolutions of the vas deferens, which form an 
intricate mass spread along the base of the duct of the spermatheca. The latter is 
comparatively short and wide, supporting a large globose head. 
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Summary.—The chief peculiarities of the mollusc under discussion are: the 
uncoiling of the whorls and the insertion of the intersutural supplementary plate of 
the shell, the partial atrophy of the mantle lobes, the numerous convolutions of the 
vas deferens and the sac developed on the penis near the origin of its retractor muscle. 
The resemblance, both external and internal, of Parmacochlea to Helicarion calls for 
its classification beside that genus in the subfamily e/carzonine, while the differences 
between them clearly entitle it to generic rank. The abnormal shell induces me to 
suppose a descent and divergence from some form very similar to le/carion robustus, 


Gould. 


EXPLANATION OF PLATE. 


PLATE XXVIII. 


Fig. 1.—Animal of Parmacochlea fischeri, as contracted by alcohol, magnified, seen from the left side, 


showing 6. left dorsal mantle-lobe. Magnified. 
Fig. 2.—The same from the right side, showing a. right dorsal mantle lobe. Magnified. 
Fig. 3.—Genital system of the same. Magnified. 


Fig. 4.—Detail sketch of penis, further enlarged, showing p. penis-sheath, 7.m. its retractor-muscle, 


x. cecum, k. flagellum, and v.d. vas deferens. 
Fig. 5.—Shell of the same, as seen from above after stripping off the mantle. Magnified. 
Fig. 6.—The same, removed and seen from within. Magnified. 
Fig. 7.—Jaw of the same. Magnified. 
Figs. 8, 9 and 10.—Teeth from the centre and margin of the radula of the same. Much magnified. 


Fig. 11.—Animal of Helicarion robustus, Gould, for comparison with the preceding, from life, viewed from 
the left side and magnified. 
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I.—Iyrropvuction. 


Mr. Bentham in his “ Flora Australiensis” includes the names of the plant- 
species of Lord Howe Island under the provincial heading of New South Wales ; 
and so also does Baron Sir F. von Mueller in his “ Census of Australian Plants,” 
adding, however, those of Norfolk Island. I do not know if the attachment of these 
insular floras to New South Wales be intended as an expression of their geographic 
relationship, or whether it be from the circumstance that the two islands are under 
the governmental jurisdiction of that colony. Political dependency cannot influence 
or determine botanical correlation ; and even if the floras of these islands have a 
decided continental facies, it would be desirable, on account of geographic isolation, 
to keep them distinct. But the main contention is, however—are the floras 
Australian; and, if not, to what region of the Australasian Province do they 
belong ? 
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This inquiry has been largely promoted by the knowledge that the affinity of 
the land faunas, particularly in the classes of birds and gastropods, is rather with 
Polynesia and New Zealand than with Australia. 


Norfolk Island is situated about 600 miles due east from Port Jackson, and is 
about the same distance south from New Caledonia and north from New Zealand ; 
so that, from a geographic point of view, its terrestrial life might be expected to 
partake equally of the characteristics of the three regions—New Caledonia, New 
Zealand and New South Wales. Lord Howe Island is midway, or thereabouts, 
between Port Jackson and Norfolk Island; and because of its nearness to the 
continent the alliances of its fauna and flora might be expected to be largely if not 
wholly Australian. 


I].—Gerocrapuic Revations oF THE TERRESTRIAL FAUNAS. 


Mr. Wallace* considers Norfolk Island, as well as Lord Howe Island, to belong 
to the New Zealand region, chiefly on account of the presence of certain New Zealand 
genera of birds, which are incapable of long flights. 


Mr. A. Sidney Ollifft writes that—‘“ Among the Coleoptera of Norfolk Island, 
the most conspicuous genera—Lamprima, Chiroplatys, Melobasis and Toxeutes—are 
all characteristically Australian; and JZe¢7sopus, the only endemic genus, is certainly 
allied to Australian groups. In fact, the only typical New Zealand form is Xy/o¢e/es, 
which is represented by two closely allied species. The occurrence of Evzzcodes, a 
remarkable New Caledonian form, is particularly suggestive.” 


The evidence afforded by the land molluseca points to a New Zealand and 
Polynesian affinity. The land-snails of Lord Howe Island are all endemic, and 
“among the inoperculate group,” writes Mr. Hedley,{ “the auriculoid Placosty/us 
claims affinity with New Zealand and New Caledonia and utterly repudiates kinship 
with Australian life.” Among the operculate group, Omphalotropis, which is chietly 
Polynesian, is represented by one species each in Australia, Lord Howe Island, 
Norfolk Island and New Zealand; Reafa, which has one species in Lord Howe 
Island, is a small genus belonging to New Zealand (4 spp.) and Marquesas Island 


(3 spp.)- 
* «Geographical Distribution of Animals,” Vol. I. p. 453, 


+ “P.L.S.N.S.W.” Vol. II. 1887, p. 1002. 
+ ‘Records of the Australian Museum, N.S.W.” Vol. I. No. 7, 1891. 
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I11.—Genera or Lorp Hows anp Norrouk ISLANDS IN RESPECT OF THEIR 
GoGRAPHICAL DISTRIBUTION. 


The following table summarises the affinities of the genera in their geographical 
relationship ; the details of which are given in the appended List of Genera. 


Regional Distribution. Howe. Norfolk. | Common to both. 
I. Extra-Australian— 

Bind emieias.-sesce aetelcce ceca 4 2 — 
1dp-qaab WPM Gan Gaosp oasoacKe 3 5 mast 
iieeAtrstralasianieesnee-cees.a-seeoece: 29 ate M7 14 
Me Atustrailicime saseceeaseetsmerctinsces it 4 Ao 4 ‘ve 1 
Vie (Cosmopolitan. eacecteeseceeeyee as 69 As 31 ae 25 
Wis OhnenEl | Sconce canoooonoabesvandtsd es 45 17 16 
Mo tallenmererrerccmatncas 154 560 76 tex 56 


TV.— Genera oF Priants 1n Norroik Isianp. 


The tabular arrangement of the extra-Australian genera presents at a glance 
their geographic distribution, though it does not indicate their genetic relationships, 
which may very much modify any deductions drawn only from the former. 


The peculiar genus Ungeria has some affinities with He/zcteres, occurring in all 
warm regions, but is more nearly related to Reevesza of the Oriental region. 


The other endemic genus, S¢veélorrhiza, is closely related to Carmuchaelia, 
which contains one species each in Lord Howe Island and New Zealand. 


Procris is an Oriental genus extending to Papua and some of the Pacific isles, 
but is not yet known in Australia. 


Melicytus is peculiar to New Zealand, with the exception of the endemic species 


in Norfolk Island. 


Meryta is a larger genus than Melicytus and is essentially New Zealandian, but 
has two or three outlying species in Norfolk Island and the South Seas. 


Phormium is represented by two species inhabiting New Zealand, one of which 
extends to Norfolk Island. 


Rhopalostylis, H. Wendland and Drude. I have adopted the dismemberment of 
Kentia, as approved by Bentham and Hooker in their “Genera Plantarum,” if for no 
other reason than that it expresses tersely the inter-relations of the Australasian 
species of the composite genus Kentia. Thus Rhopalostylis is restricted to Kentia 
Baueri in Norfolk Island and A. sapida in New Zealand. 
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Of the seventeen genera so characteristic of the Austro-Polynesian region, four 
only are absent from New Zealand, viz., Baloghia, Pseudomorus, Gettonoplesium and 
Araucaria,; the first predominates in New Caledonia, but two species of it have 
extended to Continental Australia, one of them being widely distributed in Polynesia; 
Gettonoplestum is a monotypic genus differing by inflorescence from Lustrephus, a 
monotypic Australian genus, and from Lauzariaga, a small genus belonging to the 
Andean and New Zealand regions; Avaucarda is usually regarded as an Andean 
genus spreading westward as far as Eastern Australia; Drzmys is of nearly equal 
value with Araucaria ; and Coprosma is pre-eminently a New Zealand genus. On 
the other hand Metrosideros, Myoporum, Microtis and Dianella indicate closer 
affinities with Australia than with any other region of the Australasian Province. 


Of the four Australian genera common to Norfolk Island, Zagunarva is mono- 
typic—scarcely perhaps sufficiently distinct from A/zézscus (according to Bentham), 
a very large genus widely dispersed throughout the tropics and extending to warm 
temperate regions—and may be equally claimed by Norfolk Island or Australia ; 
Bosistoa, comprising one species peculiar to Australia and one restricted to Norfolk 
Island, perhaps because of its alliance with J/elicope may be regarded as of 
Polynesian origin ; Lorvonza is, with the exception of the peculiar species in Norfolk 
Island, restricted to Australia; Ayvzostemon (in the extended sense used by Baron 
von Mueller) is a large genus with one species each in New Caledonia and New 
Zealand and two in Norfolk Island 
list of Australasian genera. 





a distribution suggestive of its inclusion in the 


In the discussion of the generic affinities of the flora of Norfolk Island, we may 
leave out of consideration those genera of cosmopolitan distribution and those of 
Oriental origin. In regard to those genera of Australasian origin, the major number 
of them seem to be nearly equally balanced between Australia and New Zealand, 
but in the extra-Australian genera Streblorrhiza, Melicytus, Meryta, Phormium and 
Rhopalostys turn the scale in favour of New Zealand as against Boronta and 
E-riostemon for Australia. 


V.—GenerA oF Prants In Lorp Howe Istanp. 


Affinities of the Extra-Australian Genera.—The genus Carmichaelia contains 
nine species inhabiting New Zealand and one endemic in Lord Howe Island. 
Colmeivoa is a peculiar monotypic genus, the author of which approximates it to 
Carpodetus, a monotypic genus inhabiting New Zealand. Acicalyptus comprises the 
Lord Howe Island plant and two other species belonging to Fiji. Mega is another 
peculiar monotypic genus, having its nearest ally in Rhabdothamnus, which is 
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monotypic and belongs to New Zealand. Cénostzgma has, besides the Lord Howe 
Island plant, some species in the Samoa Islands. Yedyscepe and Ffowea, dismembered 


from Kentza, are endemic. 
> 


Australasian Genera.—Of the twenty-nine genera in this category, the following 
five do not extend to New Zealand :—Zaloghia, Scaevola, Ochrosia, Lyonsia and 
Gertonoplestum. Fourteen occur also in Norfolk Island, so that their relationships 
need not be repeated; of the remainder, Dodonea, Leptospermum, Pimelea, Brachy- 
come, Cassinia, and Evechthites exhibit an Australian facies, whilst Dracophyllum 
and Uzcznza are characteristic of New Zealand. 


The affinities of Lagunaria have already been discussed; whilst the genera 
Rhagodia, Melaleuca and Westvingia are represented each by one species of conti- 


nental origin. 


Affinities with Norfolk [sland.—The number of genera in Norfolk Island is 75, 
of which 53, or 70 per cent., are common to Lord Howe Island; of the remainder, 
Melicytus, Meryta, Phormium and Rhopalostyfis attain their most northern and 
western limits in Norfolk Island; whilst Avzostemon and Roronta of Australian 
origin, Vola and Osmunda of cosmopolitan range, Adutilon, Bryonopsis, Melothria, 
Melodinus, Freycinetia and Cordyline of Oriental origin, Boszstoa, Pseudomorus, 
Pennantia and Araucaria of Polynesian origin seem to have missed Lord Howe 
Island in their respective lines of diffusion; the extension of Procrzs from the Indo- 
Malay region through Papua to Norfolk Island and Polynesia marks its southern 
limit. Excepting Procris and the first three of the above-named genera, all may 
reasonably be expected to occur in Lord Howe Island; these would bring the 
nominal number of genera common to the two insular floras to 67 or 90 per cent. 


Concluston.—Though there is a large number of New Zealand genera in the 
Lord Howe Island flora, yet the Australian forms preponderate ; nevertheless it 
must be borne in mind that, whereas in Norfolk Island the majority of the more 
or less abundant genera in Australia are there represented by endemic species, in 
Lord Howe Island they are represented for the most part by continental species. 
One is tempted to suggest a modern immigration of Australian species which has 
dimmed the lustre of the original flora, as has been the case in a less marked degree 
in New Zealand. 


Keeping in view the large community of genera between Lord Howe and 
Norfolk Islands, the former cannot be detached as a separate botanic region from 
the latter. 


cc 
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V1.— List or GENERA COMPRISED IN THE FLorAS oF Lorp Hower Anp NorFroik 
ISLANDS, ARRANGED ACCORDING TO THEIR GEOGRAPHIC DiIsTRIBUTION. 


[| An asterisk (*) in the geographic columns indicates the region of the maximum 


development of the genus ; a dagger (t), that a given species or genus occurs in the 


locality m question. | 


1. Extra-Australan. 


GEOGRAPHIC DISTRIBUTION. 
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EP OW Gare ecies «cele c stoitisia stateitelciietiet + — — _ oe 

u. Australasian (essentially ). 
GEOGRAPHIC DISTRIBUTION. 

GENERA. Howe. Norfolk. Australia. Fonlzn a Polynesia. Papua. 
IDSHARTS Sescaeo: soo sn0cnncesecns Themis” veh T 7 i co oS 
Hymenanthera................ ij 1} 1 7 = = 
ETCLOS PHORUM earietiteciee series yt + aT + 7 t 
D3 Flleye) WE i noceanonopcosoondonagae y + T a ee — 
Pseudomorusl.............0005 = T t = qi — 
DOdonwearecsnchemeiesisebiee ctl > + — i i = ais 
Muehlenbeckia................ + Hi qj iT 7 7 
Leptospermum............+.+. 7 — “4 if i it 
Metrosideros......:c0...-.c00+s ii iT x + + — 
Lets yaWOeE ROLE: qanooubooonaunbdadesosd — iT it Tt — 
ISX O CAT OS cee tectemtestesa shee 7 7 7 T T ir 
Pimelea scares. atecetertcceede t = “ — — t 
(Coy ayRosF00E), Sanoonosascstnononaood af T i oh — a 
BEAC Hiy COME: aero lsinctorseineels 7 = ee “ + also S. Africa. 
OASSINIA Cease ccccten aserine estes ete iy _ * 7 also 8S. Africa, 
Hrechthites :assssasesassssenack Tt — aes eee sT) — 
Scaevolakiivecesccsesscrscecaers + — * = T fi 
(GrenlOstOMasrececcsestes ces t — t t i) esc 


+ Monotypie genera, 


Oriental 
Province. 


* 


Andean. 


T 


Oriental. 


... Borneo. 
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GENERA. Howe. 
Ochrosiarss-.cesce se sciteenesess T 
by Onslamecescppeseseesses ees are, 3 7 
Miy.opOnruim sy wseeenaceeselsersiasies iT 
WWeucoporoneenanecinecdeccccesecises tT 
Dracophylkumiecs-cesc-rees esters t 
MAW AUCATI Als caciscicnsieses ceesacsies — 
MI CrObISAsarascsetnecsoueteciecanes 1 
Diameliaereacecteccccsc menses 7 
Geitonoplesium{................ tT 
Winciniaseesraeeemecncsnnceeeeae t 
Michelachnerms-ecessccceeeesseee A 
Spimifexsecescpesececnareeeanaces + 
Echinopogon{...............000. t 
ARMESIPLEUIS Honaaeclacsterecettecte 7 


+ Monotypie genera, 


Norfolk. Australia. 


+ 


| 


GEOGRAPHIC DISTRIBUTION. 


Z el Polynesia. Papua. Andean. Oriental. 


+ a= + Pin oss. pee ea 
* = t = == = 
% i if -- — t 
t t t = i = 
fi * t = = 
t = + fi if = 
* t ii — = = 
# i t — — it 
i — t — = = 
i * fi — + — 
¥ - _ a SS ogg) Se 
% t t — — t 
t t — — = = 
i T if = = = 


ut. Australian (exclusively, or nearly so). 


N.B.—WMelaleuca is represented by 103 species in 
Australia, one of which (J. leucadendron) extends 
to Papua and the Indian Archipelago; JM. ericifolia 
extends to Lord Howe Island; the only exoteric species 
is W. Brongniartii, F.v.M., inhabiting New Caledonia, 


1v.— Cosmopolitan Genera. 


GENERA. Howe. Norfolk. 
IBoronlace-sebesccseheecceeeeer — 7 
IDO ETACLNG coeooaonedoadoaoncb — tT 
IBOSIsbOaieencerersacuee eects = tT 
Magumaniareacc redler eases Tt 17 
UNA g Oars. eecesnesscenesieaeeelt tT — 
Melaleucay-*.ca-cecscrsscte acess fi — 

\ NAGS panbbagcoeceucoocssoo i — 
GENERA. Howe. Norfolk. 

Gleniatistsccssecawcsesceemees yt — 
We pid tonnieecreteeetsiettece r= if = 
Wiolace Ast asccndesestscecaeee — it 

OKalISS th accsenaceedoreses T a 
Ha pPhorbiahececcoee esses T T 

Parietariays.<.nsccsatacseasce tT —_ 
JNp a GE2eh0000" abdo0g6b00. 00 i — 
Mesembrianthemum....... T = 
Metra Goma seca seeescse 7 T 

Hydrocotyle..............+.. dj _ 
PAS UU ometecetestelceeteciesersses i ir 

WEG Repceodaboucdobcoccsecs it T 

ASHER... Sscsciecesovtetecctss fi — 
Gnaphaliums....-esceeo- 7 = 
Senecio vss nascecusecheosenase 7 — 
IBIGENS: 22 astestucceccedesoiees T — 
WMObEIaZsS. .ccctsscasssdeeonese 7 — 
Wahlenbergia.............++ T — 


GENERA. Howe. Norfolk. 
Plantagoweyseeascestesertne if — 
Convolvulusss-ccceceeen ede T 7 
Solantmetereesecssestaeecce T T 
ELighe ee. Cacweet ro neacaccece i — 
Ibs CineetnGopacnoranbe. usage 7 _ 
Muzullagte jese-ctes sane T — 
Cyperus...... sc anbSoNOOHUDD it ii 
RSI 8b oodutesaconuosocesoate iI — 
@ladiumeyesss sar ni sec i} — 
Carex ens rs paste senses if ij 
PNGT-OSUI Sissies secgacsueasecre T — 
IP OR aepertece ccesencntnesence. 7 = 
phragmites. cs..c-srscceses- tT -- 
INGTOPY LOM eww cseseicerases if — 
Lycopodium..... .........4. T 7 
Selaginella ..............000. tT a 
Trichomanes ............00+: ay 1 
Hymenophyllum........... T i 


GENERA. 
Cyathea................ 
Osmundarceen weses eer 


GENERA. 
Cryptocarya............ 
Stephania..............+ 
YG YIOEWEconoaosoocades 
Dysoxylum............. 
IDOE, vaoconsoeso00NGEs 56 
Xanthoxylum........... 
Acronychia............+. . 
Pelargonium............ 
PNibuttlontraccreccesmercies 
Hib Iscusse-ceesmarckicecee 
Hemicyclia.............. 
Omalanthus)...:.....-... 
Geltishteckcekese sess cles 


Elatostemma............ 
IBoehmerias....cchesc=es 


(Copaniaeenrecee acer) 
Nephelium.............. 
Eleodendron............ 
Achyranthes............ 
Seguin artteeiiemerae sees 
Boerhaavia.........-. Sat 
IPASODTA/ cess misenienisrce/o' 
IMiveunacveciecteusace-ses 
@amnanvalianeneeesecesetts 


SOO .ensc0p Go opaddac 
(CRSA MOMS ooncponen osor 
Pan arycracnseeeostossts 
Pan Gialenecmcleleeleer Sei 
Psychotria ............. 
Passiflora...........0000+ 
Bryonopsis..........++. 
Melothiiazemesmcseees 
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Howe. 


Howe. 


| aS Se Sb Se Sb iy SR Ss aD oe ea eee 8 orto | Shoah oo 5 So oy oy on, 


Norfolk. 


Seer ieee 


v.—Ovrtental 


Norfolk. 


GENERA. 


ANSON s50.068005 499000000 


PNFOSIG MUM 59565000006 non D00Nee 


Roly podinmleesesseeleserteits 


Genera. 


Mivrsin easmstreter 


GENERA. 


EALIOICOLAS ercicey aeiseceseinciencs 


Sideroxyloncnecscrece ae 


SHVAH SCO Sog00sdsnan000c030c0 


VasSminiumeereeeceeeeeeeeerte 


Tylopho 


pee e eee e eee nen enenee 


TA. cccecccserece coves 


Miarsdeniaive qessceclaesececs 


AWACEM IIA ty. cee ceinee ce stents 


Dendrobium eeesee 


Bulboph 
Halophi 
Crinum. 
Smilax.. 


NUIT ceccHoconbacde 
lease rince aaiaaenscogn 


Corxdiyjlime@srcsscs-meceiesereise 


IRAN CANMSERe Resse eee shaearests 


Freycinetia ........:.00.00+0- 


Commel 


ANA wngcenswmaeccrs 


Hiacelllaniaigenesceeerceecres 


PanICUME eee ceeeece cece 


Oplisme 


TUS ... cece cence eeeees 


SPORODOMUS eeereeareesteete sl 


Cynodoneerseerseresreeess 


eSNG Godcaosuso0g0q00 
Mianarttlaiesctretccsetine ci sacies 
PAN Sop lnlaieincesseiiaeelesietisiuels 
Wevalligeaecescesiesescenctecs 
Ey polapistecceeeerteeesces 


Platycerium.......... pooodoe 


Howe. 


a 


— ob 


be eR | 


Norfolk. 


Norfolk. 
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ViII—Sprctzs or Lorp Hower anp Norrotk Isnanps IN RESPECT OF THEIR 
GEOGRAPHICAL DisTRIBUTION. 


The following table summarises the aftinities of the species in their geographical 
relationships, the details of which are given in the appended List of Species arranged 
according to their geographical distribution. 


Regional Distribution. Howe. Norfolk. | Common to both. 
I. Extra-Australian— 
Hndemil Chae scsteacrecssseeeeesets 56 6 2 5 
Eixtra-limitalyeaesceaecestenecce 9 1 4 
DierAustrallasianceesescerceeneescctete 49 aoe 23 Ree 15 
III. Oriental and Cosmopolitan.. ..... 59 5c 8 oe 7 
IV. Australian — 
Extra-Australian genera..... 26 200 5 On0 2 
Australian genera.......... nc 8 1 
Mortal seastesemcteseices . 207 o0c 90 500 34 


VIII.—Sprcres or Prants 1x Norrork Isianp. 


Of the total of 90 species 37 are common to Australia and Norfolk Island, 
leaving 53, or 59 per cent., which are absent from continental Australia. Of the 
eleven extra-Australian species not endemic, nine occur in New Zealand (three of 
which extend to Polynesia); the others are common to Polynesia and Norfolk Island. 
Of the continental species, five belong to cosmopolitan or Oriental genera, whilst 
the sixth, Lagunaria Patersont, as remarked under the generic heading, may be 
regarded as having originated in either area. Aymenanthera Banksit, ¥.v.M., is a 
collective species including 7. dentata, R.Br., 1. angustifolia, R.Br., and 17. latifolia, 
Endlicher ; but Bentham considers the last distinct from the former two and from 
the New Zealand species ; this view I have adopted, and so 7. Za¢ifolia appears as a 
peculiar species in Schedule 1. 


In comparing the specific elements of this flora we may confine ourselves, firstly 
to the extra-Australian non-endemie species and the continental ones ; of the former 
there are eleven, of which nine are also in New Zealand; of the latter there are six, 
reducible to five by elimination of Lagunaria Patersont, from which it appears that 
the larger community of species is greater with New Zealand than with Australia. 
In the second place, the large proportion of endemic species, nearly one-half, still 
further isolates this flora from Australia, though almost equally so from New Zealand; 
but viewed in the light of the generic facies, which is decidedly pronounced in favour 
of New Zealand, the flora of Norfolk Island must be regarded as a satellite of that of 


New Zealand. 
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The fragmental nature of the flora is indicated by the low ratio of the species to 
the genera; thus there are 90 species belonging to 76 genera, or 1°25 species to a 
genus ; the genera with more than one species are :—ytostemon, 2; Euphorbia, 3 ; 
Peperomia, 4; Meryta, 2; Coprosma, 2; Olea, 2; [pomea, 3; Alsophila, 2; Pteris, 
2; and Polypodium, 2. 


The community of species between Norfolk Island and Lord Howe Island is 34 
out of 90, or 40 per cent.—certainly not large, but if we eliminate the endemic 
species, of which there are only five in common, then the community is about 60 per 
cent. 


ITX.—Species or Piants 1x Lorp Howe Istanp. 


The total recorded species is 207, belonging to 154 genera, or about 1°34 species 
to a genus—very little in excess of the ratio for Norfolk Island. The number of 
species peculiar and non-Australian is 65, or 31°4 per cent., being nearly one-half less 
than the proportion for Norfolk Island. The affinity of the species is certainly 
greater with Australia than with any other region of the Australasian Province ; 
and if we were to disregard the neighbouring floras, then that of Lord Howe Island 
might be accepted as part of eastern continental Australia. But as the flora presents 
certain marked affinities with that of New Zealand, and keeping in mind the large 
community of species between Norfolk Island and Lord Howe Island, and the fairly 
well marked affinity generically with Norfolk Island and New Zealand, there is no 
choice but to regard Lord Howe Island as a companion outlier to Norfolk Island of 
the New Zealand region. 


It cannot have escaped notice that there is a general absence in the Lord Howe 
Island flora of the characteristic Australian types, and that there is no indication in 
the relationship of the flora to that of Papua of a land-connection between these two 
islands, as has been suggested because of the comparative shallow soundings which 
connect one with the other and Lord Howe Island with New Zealand. Unfortu- 
nately the geology of Lord Howe and Norfolk Islands does not help us to solve the 
problem of the date of the isolation of these insular masses, though Professor David 
has ventured the opinion that the voleanic material, which is the subterstructure of 
Lord Howe Island, is probably of not older date than Tertiary. The antiquity of 
the land-surface of Lord Howe Island would permit of the reception of Australian 
immigrants, since its severance from an extended New Zealand area, in greater numbers 
than would be possible to the more distant Norfolk Island ; though in earlier times 
it may have also been a line of intercommunication between continental Australia and 
what is now New Zealand. 
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X.—List or THE Puant-Species oF Lorp Howe anp Norrotk IsLanps, ARRANGED 
ACCORDING TO THEIR GEOGRAPHIC RELATIONSHIPS. 


1. Species Endemic. 
Howe. Norfolk. 


Drimys Howeana, /. v. Mueller.............. desta unoaaenuecoen es fi Sate r 
Hymenanthera latifolia, Hndlicher..............cecedceeeeeseeees + + 
Pittosporum bracteolatum, Hindl.............sceceeseessveeeeeeses —- + 
Pittosporum erioloma, C. Moore d& F.v.M........10.0c0 essences t — 
Dysoxylum Patersoni, Bentham & J. Hooker,...........0.0040+5 — + 
Borontas barkenianas He Macemeccecee aise ceeceecealeesioateatieceties — GE 
BriostemonumamMblens ie. olan serene eeerncsoneeaciasisladsieee seers — GT 
Briostemon: Beckleniye Ho U4waqeccccenacaateceecnate ses ctearenreres — ate 
Bosistoaeuodiformisy Ai osMacn cen nectcelescsc enc ctiseeiseciessieeeiens — tT 
Euodia contermina, C. Moore & F.U.M............c00 eee obnadede i te 
Huodiay lnttoralisyeH77dlaeccrescncese-ceesesssaeeeaaaeaeierteeecsis ie a 1 
Euodia polybotrya, C. Moore & F.v.M.....6...0....scsesececeeee + — 
Xanthoxylum Blackburnia, Benth.................ssececceeeeeee + ap 
Xanthoxylum Howeanum, ?C. Moore & F.v.M..........0.000 ar — 
Nerony chia ind lich ents Scvoteemesseresteseeasescesceh cece — + 
ANomimomn dlink, JUTE Soccee sooo donneabaenasondonbooonédnboodeces = + 
lablo cons rnsmlernsy JH lL nosqopsacocbosqosbneodbagouan deoouenoacooade — ita 
Ungeria floribunda, Schott & Bnd. ..........c.cc0sssescocecceeens -- a 
Huphonrbingobliqua; bauerecessescndesesneesecesteecestee ieee — iF 
Celtis amblyphylla, /.v.JZ......... dae Jodo ganacatatiedaedswnsseehice ati -— 
Ficus columnaris, f.v.U, & C. Moore......cc.csceccosscsereceess AE = 
IProcrishmontanayStcudeleaeeneceetreateeteecce eee eee — V7 
BoechmertasaustralisweH a laceerescessesceecetereccceeeecmeesreceer — t 
Boehmeria calophleba, C. Moore d& F.v.M.....ccc cesses cee eee ees if — 
Eleodendron curtipendulum, Hdl... ............c008 cccseeecees == a 
Achyranthes arborescens, 2. Browm...........-cseceecseecsecnees — + 
Canmichaclianexsul Aion Mieeesseeeeneecehenestcceceseenetaecaeceas + _— 
Sireblorrhiza speciosay Hedi asec cer nas ase ilteccacaaceseescee — fi 
Colmeiroaycarpodetoides; iain. wess-ciccce een ceeeerenecee nace ar oo 
Metrosideros nervulosa, C. Moore & Piv.M.......ccccccceeeeees Firs esctey boc =e 
Metrosideros polymorpha, Gaudichaud...........0.020.0200000 e+ Pam nse eh 
Atcicalypiusebul lagariye lv ellcar acess aiasee asa eincaaeeieseeee se 
Panax Cissodendron, C. Moore & F.v.M.......0.cccccencceneees tf ~- 
Mierytayanpustifoliay Seemanirrs....s.cc.2.c0cecseesceedeeceete sees Fae a 
iMerytamlatifoliasscesseccmasncsssccsstsaccas cae coetotiaoosesacse i ea th 
iRennantias ln dlichernencissecicsese sc erereseesaneee cee see — if 
Exocarpos homaloclada, C. Moore & F.v.M.............0.000055 1 — 
Hxocalipos) phyllamthoides, Hdl nvccs..c1-coce:eceesseenos= nana _ if 
TRIAGE), So qu ENA, M020) J) Coccoococconeuree neobesnPaReEbauCHRNE: cscene 1p 

Psychotria Carronis, C, Moore & F.v.M........0.0.0c0c0eseeeees aR — 
Coprosmaylanceolarisy Anil esse seen ses secree ec sac <ellseciariinsisias aT _- 
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Howe. 


Coprosma putida, C. Moore db B.v.M........0.00.0ceceececeeceeee + 
Copmosm aispiloseyye2)71c ene eee ee ee ene ee eee eee -- 
Passiflorayclalbra mierda see eeer eee eee Ee enee eee aeee ne eeer ee — 
MelothriaN Bae yianisee p70 eee eee ee eae — 
Brachycome segmentosa, C. Moore & F.v.M............0.0...+. i 
ApterkBallissetondlaeerne anise ontn aces ctias onic Nee eens 7 
AistersMlooneyaychi us Alon ncece seca ac ceaaxe cor eee eee penne 7R 
Cassiniambenuito lias ier thee sees eee eee ee rarer eee ere tee cere er eee + 
SOME OO) MIMI, JHA Osuqodoanoceoasnbosssande aadasnsnedeacogoccur + 
Geniostoma petiolosum, C. Moore & F.v.M.............0.0.0005 af 
Wi LyaSWaXe) DEMS JAE SII! Goncon andendogsanosdoSooondaonapnescnse a 
SOCOM GosbITY, M077 AIL 5 soxxdeovo9000¢0onsneossonsHannonaeenn — 
Sideroxylum Howeanum, F.0.M...... .0c.c.-ccscosesseseeceeses- af 
Olea Endlicheri, BEUL ETON Renae ne che ee ERE — 
Mayepea quadristaminea, 2.y.M...........0..c0sccrseecneeeeeeone + 
Wicleeiinings Jame, 230M sococacocaboonosnososepensnenonsocensboosnas —- 
Alyxia gynopogon, Roem. & Schultes...........0..c0cceeceeeenee — 
Alyxia Lindi, 7.v.M..... ET ES BLE). il CO Wl teat LRT ce + 
Alyxia squamulosa, 0. Moore & F.U.M........000.000c00e00eeeee t 
Tylophora biglandulosa, A. Gray...........c.cccccesceeceseeeees — 
divAley a oye Gini avnkh, J ADU E nacaaancceoteodaecebLevgonosnoonene55oae: af 
WEN ssaveD, 1b OUI. AOL Koco sednonooboonsnbacoceasanoudonooenece aT 
eons, CeneiRNG a5 JOT noccoaoeaoadasnooasosHoadonaassnsedabacaaa: — 
SolanumpBauertanumwh rd sees eee cece eee eee eee eee + 
Negria rhabdothamnoides, F.v.U1............2:c0scecesceseeseens fi 
Niyoponimr Closemrani, JM wasncndonac0s55deaapanuenbasnsouacuooes — 
Dracophyllum Fitzgeraldi, F.v.W............0.0cecseseecseeeeee + 
Arar canignexcelsa, who Br necmenessceeecer secerencckn cacieeaseneseecs —_ 
ID helo WORE, MANY csanosaansanosasbooaosbnacaacevanecssoo ap 
Irate [Roverarsemuenems JI5GV YE sonconanuosocasboannaceconeeno0se peabiecsse if 
Cordyline obtecta, Baker (C. Baueri, J. Hooker ).............4. -- 
Howea Belmoreana, C. Moore & F.v.M. (Kentia)............. iT 
Howea Forsteriana, C. Moore & F.v.M. (Kentia) ............. + 
Hedycepe Canterburyana, C. Moore & F.v.M. (Kentia)...... + 
Rhopalostylis Baueri, Seem. (Kentia)..............00c0eeeeeeeees as 
ClinostigmayMicoreanumy eA. vere. saeceeenseeeneeeeeeeeee reece t 
Pandanus Forsteri, C’. Moore & F.v.M........000..c00eecee ences + 
Pandanusy Moorel, clio: -cessseccasceane aces concer eaneoeeacee — 
Tuculaslonpitiona, Wenthwne.cee-eaeetecsteecer eee enema ee eee eee t 
@yperusthzematodes,; Hid liee-ceecs sens cere ese eree eee er ee ener erate ar 
Cladiumyinsulae wheter cee teen ec cet ener teee ee eres ar 
(Wincintardebiltorwowiaerecrer nae eereetnetee seeeeee ee eRen eee i 
Carexe Neesianacel 2d la enccesgaewon soc csicebecenenk aoe ene eee — 
Cyatheaybrevipinna shaken esscsccece. seceec eseeeeee seers np 
@vatheamMacarthurit, eH) olleencssces sreackee-reisceacecencce cease a7 
@yathea, Moore oii oo. acstee encase canst cciacisaeencendnecctise + 
Osmundasw Moores HL yell eeremesence coctn recs rece cn ecceecane cesses + 
Dicksonia) nephrodioides, Balen mcs cecemceseee-kseee-sceesneesce + 
ibonarcre, inl pie JISGS 3 oc s002en0qn0s soscnoddooodopasnnoobodstd GE 
Asplenium melanochlamys, Hook...........1..:scecseeceeeceeeeees aT 
Asp leniumn! PreridOldes; Baers .nev\-tlsestseeieeete se cisco + vce ctesieiiee ti 


Norfolk. 
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u. Species Extra-Austrahan. 


Howe. Norfolk. Paes Polynesia, Papua, 
Melicytus ramiflorus, R. & G. Porster.........c6ccccee vee ees | ceieceb tah + — jE 
Euphorbia Tannensis, Sprengel (E. Norfolkiana, Boissier) — ... f+ -— tf = 
iperkexcelsulmye Gam Onsiseesterseeersceecesctec el sscsenccsess Way eke a) MRE t ar = 
Peperomia Urvilleana, A. Richard.............c0cseseesesee + + 7 + ae 
Muehlenbeckia australis, Meissner............:.sssessececees — 7 ir = — 
Sophora tetraptera, J. Maller.............000..seeeesveeseeess tri vaene v= 7 — es 
Pimelea longifolia, Banks & Solander............s.0ceeeeeee: a + = = 
(Cloysraosiane), Iter, /8/7e th cocoacs sae nbosmocns eobocaeendcaooabNCees ap fi + = = 
BiryOuOpsis ANS VALU asmaee ese ses sees icelesciecieeriele sieee ee aT = + = 
Bbormiumstenaxye lic Gael Ons hneteceanceceeaetee ceereecr — 1 + = ot 
Smilax purpurata, G. FYorst......... Daiielsasmablacisiontmecrnseies i — + = 
DianellawntermedianeH7.0lesaicanascetciteseseraisaeieenacitetions — a ct; te = 
Freycinetia Baueriana, Hndl.............:0..-.sceseesececeess — + fi = = 
Cladium (Gahnia) xanthocarpum, Fv. M............ eee 17 coe == + == wee wets 
Hymenophyllum multifidum, Svartz.....0......0.0cceeee eee 47 ae a a + 5. Ob aee 
Lomaria attenuata, Wialldenows, .2...c.c0s0::.0cceecssocessere “F —— oe ne ...Trop.Am, 


mn. Specees Australasian, found in Australia, but essentially Polynesian and New 
Zealandian or widely distributed. 


Howe. Norfolk. Peete. Polynesia. Papua. 


Clematis glycinoides, De Candolle...............sceces sence seam —ie Monte om adda > ——— 
Atcrony chiapbauleris Oclotheene ce nacesecdesencesemecee ence reece a rn 5 a Ny ne 
Belargoniumiaustrale; Wallin. .c-le-icceereeescarccceeans sce GP Sones Laks 7 Palo Pia = 
IBaloghiaglucidareH dl seeeecee taccerinceitetiscceecieseiice er ceeeere + lie a ee eh ae 
Buphorbia Ss parMannine Doves eens ence ceraceeeteee eee aE i ee teens + ae heroes 
Pseudomorus Brunoniana, Bwreaw.............cc cee eee ce eeee — . +$ = +8 pay 


§ Represented by var. pendulina ; var. australiana is continental, and var. obtusata belongs to New Caledonia. 


Peperomia Baueriana, Miquel (P. adscendens, Hndl.)... —  ... Ti 





Peperomia leptostachya, Hook. & Arnott ..............00 06+ 7 Te eees: | So Pa ce 
IM Od OneeaRVISCOSA wel IN Neer ee eae Neceet oaoeoee cece ones + — + + + 
Tetragonia expanse, MiUr7.Ay...........ccecescctes ceeds onenss ap + iF = = 
Tetragonia implexicoma, J. Hook......... Seicy ate oenaaeteniacts + + = — 
Muehlenbeckia axillaris, J. Hook.........0.2.-2-sscsseeseses 7 = + = zit 
Itsy, ube, JIT Ml coonondoccenoconaoDscesaon boLnonTae + + cf = + 
Brechtites quadridentata, DC............0..c.-c0+sssesescsses + — + = a= 
Wobelianancepsy Lun bengucessseccseesecaeecteeceeetacecnceece + — + = {3 me 
Ole paniculata HEB ecccrectcsiceelsecleccieseeesees Soanaeeesten + oP — + a 
Ochrosia elliptica, Labillard.........-....c0cecnsassersesacseee + = = + = 
desman Cbiohwrier, (AL MR cpcnoooecconsouscopbooucoanapee + — — Te + 
Jasminum simplicifolium, G. Forst.............00cceece cee ees 7 — — + — 
Tpomcea bona-nox, Linné............ ROA OE ER PTOOGCE EOTECEONA EAE ce Specs ar) Oe ES + = 
Ipomoea) conpesta; B.D %,..-c..-.0cn-sseneccenrce Jcaseecnoeepece ae sere Shee ye + = 


DD 


Ailes Macteay Memortan VOLUME. 


Howe. Norfolk. 7°, Polynesia. Papua. 
Convolvulus marginatus, Potret..........01ssecsssceseeses eee + cr + — — 
Syauplocos Stawellitjs Myce wees aestenee ct eaeeatestees ne seere 7 = — + — 
Nolanumeaviculanes GawMoratseecetaeceeieecectieesietses sissies are ceyeri= AP — iT —_— = 
Wie sepTNONA, JE, JENA socooanqnosegoonancemenondoanosBanoss i ‘i if = a 
Geitonoplesium cymosum, Ownningham...........0.0.0e000 + iP —— aR = 
Dichelachnercrimicawe el Gols scence oceees scenes a saerer + ~ ti — ~ 
Dichelachnersctunesds 2/20 OOlG asa. smctteeie ce cee cis oe) eicie-leleer= — iP + — — 
Agrostis Solandri, F.v. M.............0206+. Che Soe a a ine a + == or = == 
Echinopogon ovatus, Palvsot........0:...c0c-c200rseeececee eee + — ih — _ 
Telos, Gearon, (AL Meth s>arons68s60 0000080000 seboo00EH00503 oT — + — -- 
Ny) PATE CR OANA, J2059/6 sag nconoba5pconenos5oroNob90KGas0000 if — i a - 
Tmesipteris Tannensis, Bernhardt.............00.00eeeee eee cr i it: 7 = 
Iya oashmnen WAIT, Mie Popooosecsocen & mageoonscopbeskonas li — + ct — 
Lycopodium densum, Labtll...........20:...secsseseereeerecee — an iP — — 
Hymenophyllum nitens, B.Br.............ccc0e cence eee eee ees 7 — + — _ 
Hymenophyllum Tunbridgense, Smith.......... 6 .+.000+ t — ii — —— 
Davalliaxdulbiaswaabreeccseuosecct ee ceiacmeaseosmancteetecc + == -— + -- 
WavallliaypyxidatasC Ovo sesecceeneer este caste essere — + o= t — 
C@heilanthes distans) eA Brae ce csees-ceserar aseseests sina + + + ct; — 
leteyatey Ganesh, (Gs JANA Scanoson0e coponb0e esaoneacnosbapocba000 AP — + + — 
Pteris rotundifolia. Ge Morsiecs cece. ecestceier eaceesiscicncen sre — + ti — 
Pieris stremulaneliseb reeeececancenae achat -eacetecsea emacs + + + fi = 
MomaniaiGiscolon mW Ald eamereeeeeaeesectecceeecenceeiscetceelee — sp ar — — 
Aspidium decompositum, Spreng...........ssesceeneeeeeeeeee 7 = oF t — 
Polypodium australe, Mettenius..............0ceeeeeeeeues cP — af —_— And. 
Polypodium pustulatum, G. Yorst..........0esee serene scenes iF — + ai = 
Polypodium tenellum, G’. Forst..............c.s00seeeee serene + 7 if 4 F — 
The following species are essentially maritime :— 
Lepidium foliosum, Desvaia.............secsceeencnenee serene VF — af lu — 
Mesembrianthemum australe, Sol.............000 000-2002 17 — + “7 — 
Mesembrianthemum equilaterale, Haworth ........-.....- a — aT — — 
Apium prostratum, Labill... ..... cc 2.essccsceceseeesceneenes + if; aT t — 
Weucoparponehichely pls ta secmac=ciireeet ee cer eset ee t a ai — — 
Juncus maritimus, Lamarck. .....20.c..escceesese~ ce cnececees + — cli + — 
Scirpus nodosus, Mottboell..............666 coseecensenenereenee iP — Ti — — 
Spinifex hirsutus, Labill..... 0.0... ...cceeeeee eee nee eee + — i a = 
Asplenium obtusatum, Forst........0..csesecee eee nee eee eee ees iti a + a — 


iv. Oriental and Cosmopolitan Species occurring in Anstralia and the magority in 


Polynesia. 
Howe. Norfolk. 
Stephania hernandifolia, Walpers.......1.sccseesereecseeee seen ieee 
Oxalis corniculata, Linmd........-.ceccscesccscaveverccensercecceses + = 
Hibiscus diversifolius, VW. Jacqwit.........scsoecceveeeeececeeenes + a —_ 
Hemicyclia sepiaria, Wight d Arnott... .cccscecerenseeeeenenenes + = 


Tate—Onx the Floras of Norfolk and Lord Howe Islands. 


Omalanthus Leschenaultianus, A. Jussieu 
Celtis paniculata, Planchon............... 
Malaisia tortuosa, Blanco...............05+ 
Parietaria debilis, G. Forst............... 
Peperomia reflexa, A. Dietrich........... 


, 


Achyranthes aspera, Linné............... 


, 


‘Sesuvium portulacastrum, Linné........ 
Boerhaavia diffusa, Limnd...... 2.1... 000. 
Mucuna gigantea, DU...............0.00 “ 
Leptospermum flavescens, Sim............ 
Viscum articulatum, Burmann..........- 
Sicyos angulata, Linné...............0..6. 
Gnaphalium Japonicum, Thwnb.......... 


, 


Gnaphalium luteo-album, Linné......... 
Wedelia biflora, DC........00... .000000 
Bidens pilosus, Linné.........-....22.0006 
Wahlenbergia gracilis, DC............... 
Tpomeea paimata, Forskael................ 
Flagellaria Indica, Linné. .... .......... 
Canexabrevaculmisi Abit cease eacssresei ne 


, 


Panicum sanguinale, Linné.............. 
Oplismenus compositus, Pal.............. 
Sporobolus Indicus, &. Br................. 
Cynodon dactylon, Mich............... fats 
Phragmites communis, 7’ri...........-. 


Psilotum triquetrum, Swartz 


MarattratraxinesaSi7t.ccesesesn certo eet 
Trichomanes apiifolium, Prest........... 
Dicksonia davallioides, #.Br............. 


Pteris|aquilina, Zanndns...2-2. 2c se0s-e0- 
Pterishin cleage/2n0seeeeceereeeen) eee ees 
Lomaria Capensis, Willd.................. 
Asplenium nidus, Linné.................. 
Asplenium faleatum, Zam..... .........- 
Aspidium cordifolium, Svwartz........... 


Polypodium Hookeri, Brackenridge.............0.0-.000 ween ee 


Polypodium confluens, &.Br...... ...... 
Polypodium punctatum, Thwnb........... 
Hypolepis tenuifolia, Bernh....... .....- 
Platycerium alcicorne, Desv.............. 


Howe. 


See ea ee a me ee a Se 
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The following species are essentially maritime :— 
Howe. Norfolk. 


iEibiscus)tiliaceus  Himneseseansereceetccence scene eee este ese: + — 
Ganavaliaiobtustioliase/) Oe. cssmessceccre cae cnatencccemeerinetete eee + — 
WalomarlinteapAbnG 102) tecmnestece teeter iseiarteleen tele sctelsel cei Meese enn ts t — 
Cesalpina Bonducella, Pleming.............00...0.0.0.2.0ceeee ses cP — 
Sceev ola Conon VGH woeerdseenccns ee-eeiscereesasee cers eeseaaes + — 
SABC COTAS AA US 5M Gi CTILILET welere | teleeleteleetelstelstelee ee}e ee ee eee + — 
pam cea) pes-calprees eLLOl see waee ses sce de cereseseeeaseuaseaseme sect a = 
Convolvulus!Soldanellay Zine sce.cnscaceceaseecesee cena seneeenets + — 
IAvpeGribLy Oikorenibeh ISO OO saeanapoceosandassaeonsbouaabsscqvoaneer ir — 
HalophilayovatatG, aedsxecnsertenceceerasceceerer er rsertcec ese + — 


v. Australian Species of Extra-Austrahan Genera (for the most part Ortentat). 


Howe. Norfolk. Papua. 


CryptocanyaitriplinenvisefisB7) snes ecrcasenesnaceacseece-eeeer eee: | 
Wiiolaibetonicifolian S71 ssccesccseansesteceseeseosacreeecenaeeettiacee ST OE) ee we 
XcvlOSmMAayOVatas DEMUA-ccnescmcee ducaonsaesetenaconsercen snes rere: if — — 
Dysoxylum\ Hraserianuna Sentiv.necssnecesecnescenesctenaateree ae iF -—— — 
Elatostemma reticulatum, Weddell...............0.0cccceeeeeeeees if = 7 
Cupamiajanacardioid esehechiss-n.sce-seeese ee eceernese-eee eee ee + as — 
Wephelrumysemiclancums eH)-0 ae ersc alec or atinssceesceeeeeee eet: i Se 
Hlzodendron australe, Vertenatsa.vacsese secesseeecsceseses seeks + — -— 
Atriplex ciMenre um w0 Umeda: ssceene een aateaeeeeeeeteer eae dates + a _- 
Hydrocotyle hirta, R.Br..............0006. Iaaaseaheaeenecortorea ce + — a 
Passiforavelebertiana,euendleymameccssetcmeeeeneaseeeceeseces 1 — — 
LEI EGO) WEI, tin /Bies cons concdeobpunooopooNsudesobdoddHoosaesnconaC ai — — 
Miymsine crassifolia, els Bieencecstccssscantascee reece ence teers 1 ae -- 
Sideroxylum australe, Benth. d> Hook.............00...se0.00e00 Ti — — 
INI SAUCE TE, E/E oc one Honan qunbas6qe bogepaDsbaRsabonsons00% + — aT 
Marsdenis rostrata ele iianccesccassseecer sociecierececeeetae crater + — — 
Mecomayaustralish ein Passe cascessencetneeaecosetreneereeeeaeteeee ti —S— ae 
Hranthemum) varwbiles Webs oc .sceeaesacnses onceecee seeeeese seeee + — + 
Dendrobium) pracilicaule; MMe ye vec.c2cc esse smeeessecesenees se af: — — 
Bulbophylumpext sun ypl aed eecee sted aaeeecee cer eee eects i — — 
Crinumppeduncyl atumyehe ieee srcesmeldeereeeeseceeecasense sin + — = 
Smilaxsplycy phyla ySi7eacacescwaceeecdatesseaceectecenere rena — ip — 
Smilax australis) wish rkscsensaros sclcesise same alte ae cieeise sence tarmreaitce + — ue 
@ommelinalcyancawliabinerwe=t-renen teehee ret ereeesesnt ere ee ee + _— iT 
Carexcoracilis; iBiyajescsensssscdendt cs sevoseeoenetoncan meee tes + = = 
Selaginella uliginosa, Sp72709.......2cscccscsescsecceneaseeseeeee es + _ — 
JNIEGya) aly GATTI, 166/81 osoccdoaoanssoo pos oobnonoysnsaopsAgodaoton 7 iT = 
INGA MEV EVES Jtns 2h Psaciaoe.900. cononidno ada ndndcqq sands so uooRonSon: — Y = 


Woodwandiaras pera ll ctbhannesccomessaeceeesrsiesiore scenes) fo es SS 


Tate—Onx the Floras of Norfolk and Lord Howe [slands. 2% 
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vi. Australian Species of Australasian Genera. 


Howe. Norfolk. 
Heaounaniay re aversOuisy Gm Oacemareriensseceestedeeteeseciaosciosee ie oon fat 
hagodia Dillardienty fib is cane eptessieeieessesee aececieeasas SOnEOdC ThA 2 
Melaleucarericifoliay Si7tinsses «ssc swssenicscrincen eases cee sees siete a sok eS 
Brachycome diversifolia, Fischer d&: Meyer..............0.0.. +0 if eo — 
iby onsiapreticnlavayene i ccasseencsneccscearaeceetseciedsce ae cstescrts te ee 
Westringia rosmariniformis, S7.........-...sseeeeeseeeseseeee eee te ke = 
Mion TREES M897 cgcucecacooceseenns.00 sbosencconconnssS00 Te ote eS 
DMianellarceruleay S7siec ssc cesses ee teen eeseeacee eee eee et 


Posrscriet :—My deductions will be found to confirm the views enunciated by 
Mr. C. Moore in a paper entitled ‘“‘ Remarks on the Botany of Lord Howe Island” 
in Vol. V. (for 1871) of the Transactions of the Royal Society of New South Wales, 
of the existence of which I was unaware until my attention was called to it by the 
Editor of the Macleay Memorial Volume when the MS. of my paper was in the 
printer’s hands. Like my informant, I have been unable to consult Mr. Moore’s 
paper as published by the Royal Society of New South Wales, the volume containing 
it having been long out of print: my knowledge of it accordingly has been 
derived from a few extracts obligingly furnished by my correspondent from the paper 
as it appears—with certain statistical omissions—in the Syduey Maz/, October 21st, 
1871.—R.T. 
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NOTES ON AN UNDESCRIBED ACAC/A FROM NEW SOUTH 
WALES. 


By Baron von Mueuurer, K.C.M.G., M. & Pu.D., LL.D., F.R.S. 


(Plate xxvim.) 


‘ 


Acacta MAaIpEenm. 


Arborescent; branchlets somewhat angular towards the summit; phyllodes 
large, of chartaceous texture, lanceolar-faleate, gradually narrowed into the petiole, 
very closely striolated by fine longitudinal venules with some few of these more 
prominent, almost glabrous or slightly greyish from hardly visible hairlets ; marginal 
glandule near the anterior base of the phyllode, inconspicuous ; spikes almost sessile, 
solitary or two or three together, their rachis tomentellous ; bracts inconspicuous ; 
calyces broader than long, much shorter than their corolla, short-lobed, subtle- 
pubescent ; corolla almost glabrous, deeply cleft into usually 4 lobes, not streaked ; 
fruit narrow, considerably compressed, much twisted, outside beset with minute 
hairlets ; seeds placed longitudinally, ovate-ellipsoid, shining-black, their aureole on 
each side large ; funicle pale reddish, completely or extensively encircling the seeds, 
suddenly doubled back from the summit, folded at the lower side. 


Near the Richmond River, (Mrs. Hodgkinson, W. Biiuerlen) ; Mooloolah River, 
(Eaves). 


A tree to 50 feet high, with a stem-diameter of 14 feet. 


To the sagacity and circumspectness of Mr. J. H. Maiden it is due, that this 
Acacia became recognised as a species distinct from A. glaucescens, for which 
previously it had been passed. It is, however, clearly different in carpic charac- 
teristics particularly, inasmuch as the fruit of the genuine A. glaucescens is straight 
and still more compressed, the seeds are longer, but proportionately narrower, the 
funicle is almost colourless, and stretching only to the lower portion of the seed, 
there forming an arillar fold. Moreover, in 4. glaucescens the phyllodes are less 
destitute of hairlets—an original specimen of Sieber’s A. czxevascens, available here 
to me, being very instructive in this respect, and so an authentic specimen of 
Wendland’s A. homomalla ;—further the calyx is more decidedly velutinous, and the 
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corolla is usually five-lobed, not like that of 4. dongzfolia and its allies fourcleft ; but 
how far this note holds good, requires yet further to be ascertained. Already De 
Candolle, and later Hooker, seized on this characteristic, when briefly defining 4. 
cenerascens of Sieber, who may have possibly perceived other distinctions between 
that supposed species and A. glaucescens. Sprengel, who one year later than De 
Candolle promulgated A. czxerascens by a diagnosis too brief, lays also stress on the 
characteristic of grey-velutinous branchlets, which does not apply to A. Mazdenzz ; it 
is therefore unlikely that Mr. Maiden’s plant should be connected by intermediate 
forms with 4. cénerascens, which authentically was not gathered in fruit. Contrarily, 
Bentham seems to have been quite right in combining it with A. gZaucescens, of which 
Mr. A. R. Crawford says, that the phyllodes of young plants are roundish. A. 
leucadendron, reduced by Bentham to A. glaucescens, represents perhaps also the 
form cznerascens, as in Hooker’s Lond. Journ. I. 374, the spikes are called, probably 
by a mere writing error, semipollicares, instead of sesquipollicares (when fully 
developed) ; this can only be cleared up from Cunningham’s collections. 


Furthermore, it should be remarked, as pointed out by Mr. Maiden, that 4. 
glaucescens is in the lowlands of New South Wales a southern species, while 4. 
Mardenit is a northern, from regions not accessible to Sieber during his only seven 
months’ Australian collecting visit to Port Jackson and its vicinity from June, 1822, 
to Jan., 1823. Here it may be of further interest to state, that a letter from Sieber 
appeared in the Ratisbon bot. Zeitung “Flora” of 1824, at pp. 250-256 and following, 
in which communication he speaks of the marvellous forms of Australian Acacias, 
specimens of about 150 species being shown him there and then by Allan Cunningham 
(F. C. Dietrich in Eichler’s Jahrbuch, 1881, p. 287). But as yet the fruit of A. 
cinerascens remains unknown, to confirm absolutely the specific identity of that plant 
with A. glaucescens. The preponderance of 4- or 5-cleft corollas can best be 
ascertained by examining great masses of the flowers on living plants at their 
indigenous places. The localities, annotated under A. glaucescens in the Flora 
Australiensis, II. 406-407, for northern New South Wales and for Queensland, 
belong probably all to A. Mardeniz; indeed, the most northern station for A. 
glaucescens, with certainty represented in the Melbourne Herbarium, is on the 
eastern slopes of New England at the Apsley River (A. R. Crawford), therefore in a 
cool region ; while its southern known limit is at the Genoa on mountains (Biiuerlen). 
The very flexuous fruit of 4. Mardenit resembles that of A. amplexa, but the arillar 
funicles in that species are much like those of 4. glaucescens, therefore basal only to 
the seeds. 


A. Cunninghami comes very near to A. Maidenit, particularly also in the 
venulation of the phyllodes, though the main venules are more prominent ; but the 
branchlets are very angular and more robust, the phyllodes more inequilateral and 
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thus indicate an approach to those of the Dzwzdrate, the calyces are nearly glabrous, 
the corollas are usually 5-cleft, necessitating a 5-denticulate calyx also, the fruits are 
still less broad, the seeds distinctly narrower but quite as long, the arillar appendage 
extends only to the basal part of the seed, and forms there a thick appendage from 
almost consolidated foldings of the funicle. 


A. Cunninghamz is evidently a more frequent species than 4. MWazdenzi ; thus it 
oceurs in the distributed collections of Madame Dietrich from Port Mackay, Lake 
Elphinstone and Rockhampton under the following numbers, so far as can be judged 
from flowering samples, all her specimens being devoid of fruit : 254, 381, 486, 539, 
553, 622, 851, 1651, 2502, 2539. The following localities are also additional to 
those recorded in 1864 in the second volume of the Flora Australiensis : Gwydir and 
Wide Bay (Leichhardt), Walloon (Bowman), Darling-Downs (Lau), Richmond 
River (Fawcett), Leichhardt-Downs (Wuth), Barcoo (Schneider). Confirmatory 
fruit-specimens are wanting also from all these localities, so that still some doubts 
may be entertained about the identifications, especially for the plants from the far 
inland-places. 


A. holcocarpa, which has the venulation of 4. glaucescens, is easily distinguished 
from A. Mazdenit in various respects, particularly in its rigid almost cylindric 
somewhat furrowed fruit, dark brown turgid seeds and long straight funicle, ending 
in a very small nearly cupular aril, as shown in the eleventh decade of the Icono- 
graphy of Australian Acacias. Mr. Dallachy noted this species as dwarf, the fresh 
flowers as fragrant and—strange to say—as white; so they must at all events be 
very pale ; but Solander likewise indicated the flowers of 4. calyculata as white, and 
thus the question arises whether perhaps the two species are identical. 


Specimens, but in flower only, from Fitzroy Island (Walter) seem referable to 
A. holcocarpa, but they accord so far also fully with the description of Cunningham’s 
plant from there ; the fruit, sent with his flowering specimens, may really belong to 
the rather widely distributed A. aulacocarpa. Visitors to Fitzroy Island could easily 
solve this enigma. A. holcocarfa has become further known from Cape Sidmouth 
(C. Moore), Trinity Bay (W. Hill), Rockingham Bay and Hinchinbrook Island, 
where it is common (J. Dallachy). It seems to be essentially a plant of coastal 
regions. A. leptocarfa is distinguished from A. MZazdenii in the phyllodes showing 
hardly any conspicuous anastomosing venulation, the interstices between the venules 
being also wider, in flowers less crowded along the rachis, in glabrous calyces, in 
generally 5-parted corollas, and in numerous almost consolidated folds of the funicle, 
these forming downward an appendicular mass of a length as great as the seed itself 
or even greater, though basal only; I find, however, the fruit-valves to a considerable 
extent flexuous. The phyllodes are without lustre. A. judzfera resembles in close 
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venulation of the phyllodes A. glaucescens, from which it differs in phyllodes of a 
more falcate form, terminated by a callous glandule, which reminds of that of A. 
stigmatophylla and A. leptocarpa, by smaller spikes and deeper cleft calyces ; but the 
fruit-specimens from Edgecombe Bay, alluded to by Bentham, may not perhaps 
belong to the same species, as they are nearer to A. Cunningham also as regards 


foliage. 


Mr. Bowman gives the height of 4. 7ulfera as only up to 10 feet at Nercool 
Creek and the Upper Flinders River, and says it is early flowering in the season. It 
is contained in Madame Dietrich’s collection from Port Denison under 2812, mixed 
with A. Solandri. That species agrees in venulation of the phyllodes certainly with 
A. julifera, but the phyllodes are narrower and straighter, the spikes longer, with 
remarkably dissite flowers like in A. aulacocarpa and A. cincinnata ; the calyces are 
short-lobed and glabrous, the fruit curled-flexuous, compressed, about § inch broad, 
the seeds ellipsoid, the funicle forms folds, but reaches the lowest part of the seeds 


only. 


A. cincinnata almost agrees, as regards carpologic characteristics, with A. 
Mardenit, but the phyllodes are somewhat dimidiate, more protracted upwards and 
more distinctly callous-glandular at the apex, reminding thus far of A. julifera ; 
their two or three primary venules are more prominent, the rachis is less tomentose, 
the flowers are more distant in the spikes, the calyces are deeper lobed, the corollas 
generally 5-cleft, the fruits narrower and more closely coiled, the funicle is near the 
base of the seed more folded. 


All the species mentioned may differ from each other besides in habit, predilec- 
tion of places of growth, bark, wood, odour of blossoms, time of flowering, as also 
fruiting, and perhaps in some other respects not observable on mere dried branchlets. 


EXPLANATION OF PLATE. 


Fig 1.—Unexpanded flower. 

Figs. 2 and 3.—Expanded flower. 
Fig. 4.—Different views of stamens. 
Fig. 5.—Pistil. 

Fig. 6.—Pod. 

Fig. 7.—Seeds with arillus. 

Fig. 8.—Part of a phyllodium. 


All magnified except fig. 6. 
EE 
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DESCRIPTION OF A NEW HAKEA FROM EASTERN NEW SOUTH 
WALES. 


By Baron von Muetier, K.C.M.G., M. & Pu.D., LL.D., F.R.S., ann 
J. H. Mammen, F.L.S. 


(Plate xxix.) 


Haxea Baxertana, F.v.M. & Maiden. 


Branchlets slightly pubescent; leaves crowded, thinly filiform, undivided, simply 
acute, moderately pungent, glabrous or nearly so; flowers of rather large size, 
fasciculate, glabrous, their peduncle conspicuous, slightly beset with hairlets and 
bearing several scattered permanently undeveloped flowerbuds with pubescent very 
short yet broad bracts; pedicels about half as long as the petals and as well as 
these pale rosy-red, except the whitish summit; style very much longer than the 
petals; stigma lateral; ovulary on a short and thick stipes; fruit extremely large, 
almost globular-ovate, verrucular at and towards the upper end, elsewhere somewhat 
rugular ; seed-membrane exceedingly extensive, oblique-ovate, rather broadly 
surrounding both sides and also the base of the nucleus, the latter being nearly 
smooth. 


On a barren patch of ground close to the bank of a creek at Wallsend, near 
Neweastle, New South Wales. Soil sandy loam. Not very abundant in this locality, 
probably rare. The largest plant seen about 6 feet high with a stem of 1 inch 
in diameter, forming a bushy, ornamental shrub. Seen in flower July to September. 
Leaves 2-5 inches long, furrowless. Peduncle often 4 inch long. Petals, by adding 
their terminal curvature, about 3 inch long. Style up to almost 2 inches in length. 
Fruit up to 3 inches long and 2 inches broad, very turgid. Seeds 4-3 inch long, their 
membrane being ? to 1 inch in width at its broadest part. 


It is nearest allied to 77. purpurea; but the leaves of that species are nearly 
always doubly forked, while their divisions are thicker and sharply pointed, the 
flower-fascicles almost sessile, the fruits conspicuously smaller. The new species, as 
regards size of fruit, comes among East Australian congeners near /7. J/acraeana, 
which, however, has leaves underneath uni-furrowed, the flowers quite small, the 
fruit compressed towards the summit, and the seed-membrane much less extending 
to the nucleus. /7. propingua has shorter and more rigid leaves, minute flowers on 
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pubescent pedicels, more verrucular fruits and the seed-membrane decurrent only 
along one side of the nucleus. In the last-mentioned characteristic 7. verrucosa also 
differs, besides in evidently smaller fruits with two conic terminations, but the flowers 
are very similar, though the peduncles are tomentellous. Leaves of 77. rhombales (a 
North-West Australian species) longer, flowers distinctly smaller, style hardly half 
as long, fruits of less size, seed-membrane much shorter and very inequilateral, 


nucleus verrucular rough on the outer side. 


This species is dedicated to Mr. R. T. Baker, Assistant Curator of the Techno- 
I 
logical Museum, who exercises his artistic skill in the delineation of New South 


Wales indigenous plants. 
oO 


PECAN ATION OF PLATE 


Fig. 1.—Part of plant showing dehiscent fruit with carpel in situ. 

Fig. 2.—Fascicles of flowers unexpanded. 

Fig. 3.—Fascicles of flowers fully expanded. 

Fig. 4.—Single flower enlarged ; part of the petals cut away to show gland at the base of the style. 
Fig. 5.—Pollen grain, enlarged. 

Fig. 6.—Fruit before dehiscing. 


Fig. 7.—Fruit showing seeds. 
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The Collection of Weapons, Implements, and some Articles of Dress from the 
Alligator Tribe, Port Essington, were collected by Mr. Harry Stockdale, and have 
been forwarded to the Chicago Exhibition by the New South Wales Commissioners. 
The following notes and drawings were prepared in conjunction with Mr. Charles 
Hedley, F.L.S., and are now published at the desire, and with the permission of the 


Chairman (Dr. J. C. Cox, &e.) of Committee XI. (Liberal Arts, &c.) of the N.S. 
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Wales Commission, World’s Columbian Exposition, Chicago, 1893. I need only 
add that our thanks are due to Mr. Stockdale for the native names of many of the 
specimens, numerous items of information regarding their uses, &c., and for the 


original drawings of Pl. xxxv. 


The articles described in the following pages are of more than ordinary interest, 
for I believe they are the most complete set that have yet been noticed from any 
one Australian tribe fey se, and from the fact that several of the specimens are now 


for the first time brought under notice. 


The three Alligator Rivers, East, South, and West, fall into the south-eastern 
corner of Van Diemen Gulf, within the boundary of the Northern Territory of the 
Province of South Australia. We are informed by the late Mr. George Windsor 
Ear]* that the lower parts of the Alligator Rivers are occupied by the Bimbirik 
Tribe, a comparatively large community, and it is more than probable that this is the 
Aboriginal name for the former possessors of the present weapons and implements. 
Mr. Stockdale coincides in this opmion. The neighbours of the Bimbirik people on 
the east of the Coburg Peninsula are called Jalakuru, whilst the tableland to the 
south is occupied by a still more powerful tribe called the Marigianbirik, or “ People 
of the Mountains.” 


In the following pages the weapons will be described first, followed by the 
implements and articles of dress. 


I.—WEAPONS. 
SPEARS. 


The North Coast spears generally seem to be remarkable for their more or less 
tS) 
ornate carving and gaudy colouring, thus standing out in strong contrast to those 
used by the Aborigines of the southern part of the Continent. 


Foremost amongst the spears is the 4//eztch, or stone headed spear, consisting 
of sapling or reed shafts, coloured with red pigment or ruddle,t and moderately short 
stone heads of flesh-coloured granular quartzite. I have already figured} one of these 
heads from Settlement Creek, and the reader is referred to the description accom- 
panying it for descriptive particulars. The quartzite heads are held in place by 
gum-cement§ and native twine, the latter coated with clay and coloured white with 

* Journ. R. Geogr. Soc., 1846, XVI. p. 242. 


+ The methods of preparing this widely distributed article of personal adornment and ornamental use would form 
the subject of an essay alone. 


£ P.L.S.N.S.W., 1891, VI. (2), p. 37, t. 4, f. 2. 


§ The composition of this most excellent cement differs widely in various parts of the Continent. There were a 
least half-a-dozen different recipes known to the Blacks. 
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pipeclay, or with white transverse bands. One of these spears has a slate-rock head 
in place of the quartzite, and being in an unfinished state displays the mode of 
manufacture, the gum and string lashing being present, but no pipeclay covering or 
colouration. The longest spear is eight and a-half feet, the shortest seven feet, and 


the average length eight feet. 


This is unquestionably the “ war spear of the North Coast” figured by Hyre,* 
having a quartzite head six inches long, and exceeding in total length the previous 
ineasurements, being nine and a-half feet, but a still more formidable variety of this 
spear is one figured by the same author in which the stone head is jagged.t The late 
R. B. Smyth also makes a reference to these north coast spears, remarking} :— 
“They are ornamented with longitudinal grooves in bands alternating with plain 
spaces, and the colours used are red, yellow, and white, the white often appearing in 
dots on the other colours. The weight of these spears varies from ten ounces to 
eleven and three-quarter ounces.” For the heads Smyth gives the length eight 


inches, and for the shafts nine to nine feet six inches. 


The A/Lettch, or war spear, is thrown with the O770-korr-ok, or sabre womerah, 
according to Mr. Stockdale, the proximal end of the shaft being cup-shaped for the 
reception of the womerah-tooth, lashed round with twine, covered with gum-cement, 
and whitened like the stone heads. On the other hand, that very careful observer 
Macgillivray says a stiff flat womerah, the 4z//etta probably, is used.§ The 
quartzite, adds he, is procured from the mountains behind the Port Essington 
isthmus. The stone-headed or war spear of the Kimberley district, termed A7?//awal 
by Hardman,|| the latter says, is thrown by the Gualealing | = 4illetta| womerah, 
which lends support to Macgillivray’s statement. My deceased friend states that it 
is “only in the north that flint is used as a spear-head proper ; and this custom, I 
inay say, extends across the whole of the northern portion of Australia generally. 
But below from 20° to 30° south latitude wooden spears prevail. Among the many 
tribes it is the custom to insert rough chips of basalt or hard metamorphic rock, and 
in latter days glass, along the edges of the spear-heads, but it is only the most 
northern tribes who tip their weapons with single flint-heads.”% 


An interesting but small group of spears, five in number, used both for fighting 
and hunting, are made either of saplings or reeds, and tipped with very sharply 
pointed and round hardwood heads. The shafts are ruddled, and united to the heads 


* Journ. Exped. Discovery Central Australia, &c., 1845, IT. t. 6, f. 4. 
+ Ibid. £. 5. 

+ Aborigines of Victoria, 1878, I. p. 308, f. 85. 

§ Voyage of the ‘‘ Rattlesnake,” 1852, II. p. 147. 

|| Proc. R. Irish Acad., 1888, I. (3), No. 1, p. 64. 

{1 Proc. R. Irish Acad., 1888, I. (3), No. 1, p. 65. 
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either by means of gum-cement alone, or the heads are fitted into the hollow ends of 
the reeds and then plastered over, being either plain or variously ornamented with 
pipeclay. One of these spears, termed Maleagemmah-ojalie, consists of a sapling 
shaft, with white spiral lines on the head and three white rings at each end. The 
length of the shaft is six feet ten inches, that of the head two feet nine inches, the 


total length therefore being nine feet seven inches. 


The four other spears of this group have reed shafts, and seem to be known 
simply as Maleagemmah. The proximal and distal ends of the shaft in one instance 
are tipped with pipeclay, the latter extending on to the base of the hardwood head, 
Another has the proximal end of the shaft lashed with twine and cupped for the 
womerah-peg, whilst a third is simply covered with gum. The gum-cement may be 
ruddled, like the shafts, smeared with pipeclay, or of its original colour, black. The 
heavier of these spears measures—shaft, seven feet two inches; head, one foot eleven 
inches ; total, nine feet one inch ;—whilst the lighter is as follows—shaft, five feet ; 


head, two feet one inch ; total seven feet one inch. 


According to Eyre, the Maleagemmah-ojalie is called Atko,* and the Jalea- 
gemmah is termed Karkuroo,t but he is indefinite as to locality. The reed spear of 
the Victorian Aborigines to a great extent resembles that of the north coast. Smyth 
states that by the Goulburn Blacks it was called 77-ver, Da-aar, Dyer-rer, or 
Jar-aor, the reed being Phragmites communis, but other names are given to the same 
weapon on the River Murray. The union between the shaft and head is effected by 


means of kangaroo sinews and gum-cement.£ 


Generally similar to the J/alagemmah, but smaller, is a small series spoken of 
by Mr. Stockdale as “ Goose-spears,” the largest only measuring five feet six inches, 
shaft and head (shaft four feet, head one foot six inches). The spears differ from one 
another only in total length, and relative length of shaft and head. The latter, of 
hardwood, are round and very sharply pointed. Twine and gum-cement whitened 
are placed at both ends of the shafts, and in one specimen the nodes of the reed-shaft 
are transversely banded with pipeclay. The proximal ends are cupped. 


This spear is thrown with the 2z/Vetta womerah, and through the courtesy of 
Mr. Stockdale, Mr. Hedley and myself had an opportunity of witnessing, by his black 
servant, the method of throwing, and the astonishing results of this combination of 
weapons. In throwing, an inclination is given about equal to that of an arrow 
leaving a bow. It was cast one hundred yards with the greatest ease, and had space 
allowed evidently might have been propelled much further. The accuracy of aim 
* Journ. Exped. Discovery Central Australia, &c., 1845, II. t. 2, f. 8. 


+ Ibid. f. 3 and 4. 
+ Aborigines of Victoria, 1878, I. p. 305. 
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was very precise, the spear being sent midway between Mr. Hedley and myself, as 
requested it might be. Even the force of propulsion was equally marked, the head 
of the spear penetrating quite four inches into the crown of a metalled road, and 
requiring the strength of both hands to withdraw it. Touching the appellation of 
these spears—‘‘ Goose-spears” : they seem to be well named, for Leichhardt in the 
account of his journey from Moreton Bay to Port Essington refers to the immense 
numbers of geese seen on the upper East Alligator or Goose River.* 


The next type is strictly a fighting spear, Voko-oale, (Pl. xxx. fig. 1), spoken of 
commonly by Mr. Stockdale as “ Lace-spears.” The shafts are saplings, ruddled, 
about six feet six inches long, cupped at the proximal end for the reception of the 
womerah-tooth, but not covered with gum-cement or whipped with twine. The 
hardwood heads are one foot six inches long, rounded on the back, or non-serrate 
face, the sides flattened, and bevelled off to a sharp edge on the front; the 
flattened surfaces perforated by a series of oblique ovate holes, the five proximal ones 
direeted upwards, the remainder downwardly so. The heads are attached to the 
shafts with gum-cement, first ruddled, and the mesh-work picked out with white and 
yellow, and the rounded backs ornamented with white checker-work in a diamond 
pattern. Immediately above the gum-cement, and at two other points, are trans- 
verse bands of red and yellow. 


A modification of this spear exists in so far that the ovate mesh-work of the 
head is bilaterally symmetrical (PI. xxx. fig. 2). The middle line of the head is 
slightly convex or ridge-shaped, white checkered, each median ridge having a white 
line down it. The number of ovate meshes is also increased to twenty-three, but, as 
in the ease of previous spears, the five proximal holes are directed upwards, and the 
remainder downwards. I have not succeeded in finding any reference to similar 
spears in the various works consulted. 


We now come to a large series of barbed spears, in which the barbs are cut out 
of one side of the head only and wide apart. The shafts are of reed, ruddled, and in 
some instances with the proximal ends and nodes of the reeds picked out with pipe- 
clay. The gum-cement, with which the hardwood heads are affixed, is frequently 
diagonally streaked with the same material. The sharp barbs are as much as 
three inches long, with deflected points, and vary from two and a-half to four 
inches apart. 


A second type of single barbed spear has the general characters of the last, but 
the barbs are stronger and shorter, only one inch long, and much closer together, 
being only one and a-half inches apart. 


* Journ. R. Geogr. Soe., 1846, XVI. p. 235. 
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HKyre gives a good figure* of this form of spear in general, and terms it simply 
‘war spear of the North Coast,” with a total length of nine and a-half feet, the barbed 
head being three feet. SsSomewhat analogous spears are figured by Smytht under the 
name of Vandum, but he does not definitely localise them. He, however, remarks 
that “great skill, patience, and care are necessary so as to fashion the barbs of the 


Nandum neatly and to keep them whole.” 


The largest of these spears in the collection is nine feet six inches long and the 


head two feet six inches more. 


A. third form again possesses the general features of the preceding weapons, 
with wide apart barbs, but the backs of the heads are flat, notched down each edge 
(PL xxx1. fig. 1), and whitened with pipeclay. The gum-cement hafting bears spirally 


arranged lines. 


The spears barbed on one side of the head.only are naturally followed by those 
in which both sides are similarly toothed, in other words, bilaterally symmetrical. 
The shafts are of reed, ruddled or uncoloured, and the nodes sometimes whitened 
with pipeclay. The gum-cement may be simply black, its natural colour, black with 
diagonal white lines, wholly white, or red with successive white circles. There are 
four types :— 

1. Head very short and strong, with stout barbs. Shaft eight feet three inches; 

head eleven inches. 

2. Head similar, with the six central pairs of barbs far apart, but the proximal 

and distal barbs close together, and more in the form of gigantic serrations 
(Pl. xxx fig. 2). The central barbs are slightly curved, the others 
standing out horizontally, the proximal being more regularly formed than 
the distal or apical. 

. Head long, with long recurved and far apart barbs, but the distance varying 
in individual spears. The distal barbs are truncate, with an apical 
lanceolate barb (PI. xxx. fig. 3). Shaft seven feet six inches ; head two 
feet three inches. 

4, Similar to No. 3, but the distal three inches of the head with serrations, 

instead of barbs, the latter themselves very far apart, much recurved and 
sub-pointed (PI. xxxt. fig. 4). 


ivy) 


The central barbs of Pl. xxx. fig. 2, No. 2 type, and all those of Pl. xxxu. fig. 5, 
No. 3 type, are after the pattern of a spear figuredt{ by Smyth, without locality, but 


* Journ. Exped. Discovery Central Australia, 1845, IT. t. 6, f. 1. 
+ Aborigines of Victoria, 1878, I. p. 305, f. 71-74. 
} Aborigines of Victoria, 1878, I. p. 304, f. 70. 

FF 
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with the remark “not common.” It is, however, not a reed spear, but entirely of 


wood. 


Eyre gives a figure* in which the arrangement of the barbs resembles our 
Pl. xxx. fig. 4, but it lacks the terminal serrations. Allowing for the absence of the 
serrated apex, Pl. xxxu. fig. 4 is not unlike a so-called variety of the JZongzle spear of 
the Victorians, given by Smyth,+ in the form and distance apart of the barbs. The 


latter is, however, entirely a wooden spear. 


The last example of the double-barbed spear (Pl. xxx. fig. 3), is angular in the 
middle line of the head, and the barbs graduate in size upwards, being semi-blunt 
and slightly curved. The shaft is a sapling, six feet six mches long, and pointed 
proximally, therefore a hand-spear ; the head is of hardwood, three feet six inches 
long. It is not difficult to conceive how this form might have been derived from the 
double “ Lace spear.” The form of serration is not unlike that of one of the single 
Nandum spears figured by Smyth.t 


Touching the Port Essington spears generally, used for hunting and fighting, 
and eliminating the fishing spears, Macgillivray says§ they are of two categories :— 


1. Those thrown with the hand alone, are entirely of wood, and usually made of 
a Eucalypt termed Wadllaru. 


2. Those thrown with the womerah, are shafted with reed and headed with wood 
barbed in various ways. The wooden-headed spears are thrown with a 
large flat supple womerah [our Ovvo-korr-ok|; whilst the stone-headed are 
projected with a stiff flat womerah [our 47//etta, or Gnalealing |. 


It will be observed that this statement regarding the stone-headed spears hardly 
coincides with the information supplied by Mr. Stockdale that the latter are thrown 
with the Orro-korr-ok. 


The last of the fighting spear series is a double-pronged one. The shaft is a 
grained bamboo, ruddled, seven feet six inches long, whipped with twine proximally 
and cupped. The distal end of the shaft is whitened with pipeclay below the 
gum-cement, with twine holding the head in position, the cement bearing four 
oblique white lines. The bi-pronged head is one foot eight inches long, the prongs 
uniserrate, the barbs being short and blunt, and those of each prong looking im 


contrary directions. One of these bi-pronged spears is figured by Eyre|| as from the 








* Journ. Exped. Discovery Central Australia, 1845, II. t. 2, f. 11. 
+ Aborigines of Victoria, 1878, I. p. 304, f. 69. 

+ Aborigines of Victoria, 1878, I. p. 305, f. 71. 

§ Voyage ‘‘ Rattlesnake,” 1852, II. p. 147. 

|| Journ, Exped. Discovery Central Australia, 1845, II. t. 6, f. 3. 
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“ North Coast,” the barbed head being eighteen inches in length. Smyth* likewise 
records it from Port Essington, where he says it is called P2Z/ara, and also mentions 
its use four hundred miles north of Perth, West Australia. With the exception 
of the AZZ-e7tch, or stone-headed spear, this is probably about the ugliest weapon, in 
the shape of a spear, used in this part of the Continent. According to Hardman,*t 
however, the true P7/ava, which is confined to the Murchison and Gaskoyne 
Districts, “is a wooden spear of a formidable nature. The head is about two feet 
long, of triangular shape, like a bayonet, but on each edge has been carved a series 
of barbs, pointing backwards.” As Mr. Hardman travelled extensively in West 
Australia, | think we must accept his definition of the P7//ava spear before that of 
Mr. Smyth. 


Fish spears are represented by one type (Pl. xxxr. fig. 5), treble-pronged as usual. 

The shaft in this case is also a reed, ruddled, whipped proximally with twine, and the 

hardwood prongs held in position by the latter and gum-cement, whitened with 
ro) fo) ’ 

pipeclay. The prongs are rounded on the back, and set ma triangle, so as to follow 

one another consecutively. The barbs are large proximally, lessening in size upwards 

a fo) fo) ? 

wide apart, and recurved. The shaft is seven feet four inches long, and the head one 

foot eight inches. Both Knight} and Eyre illustrate this spear, the latter calling it 

the “fish spear of the North Coast,” with a shaft eight and three-quarter feet long. 

5 oD 


It differs essentially from Gowdadie,|| the fishing spear of the Murray River, which 








consists of three plain diverging prongs, sharpened to an acute point. It is fifteen 
feet long. Our implement is certainly more akin to a four-pronged spear used for a 
like purpose in West Australia, or at any rate supposed to be in use there, for 
Smyth throws some doubt on the matter by suggesting that his example may have 
come from Port Darwin! The barbed nature of the prongs favours this view. 


W oMERAHS. 


I have lately described the northern womerahs in so much detail that very little 
remains to be said. There are three types present in the collection. 


The first is the important Ovro-korr-ok or sabre-like womerah.** Two are 
nearly straight, but a third is much more curved, indicating therefore a form of 
variation which has to be looked for in examining these weapons. The largest, three 


* Aborigines of Victoria, 1878, I. p. 337, f. 144. 

+ Proc. R. Irish Acad., 1888, I. (3), No. 1, p. 65. 

+ Ann. Report Smithsonian Inst. for 1879 [1880], p. 266, f. 94. 

§ Journ. Exped. Discovery Central Australia, 1845, IT. t. 6. f. 2. 
|| Aborigines of Victoria, 1878, I. p. 306, f. 79. 

{’ Aborigines of Victoria, 1878, I. p. 338, f. 145. 

** P.L.S.N.S.W., 1892, VII. (2), Pt. 1, p. 170, t. 3. 
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feet eight inches long, in addition to the fine carving of the handle, is ornamented 
with pipeclay diamond-work and transverse bars. The distal end has transverse 
white lines, divided by a longitudinal space. The smallest Ovro-korv-ok is not carved 
at the proximal end. 


The Lilletta or Gnalealing* is represented by four specimens, the longest three 
feet six inches. I find Dr. R. W. Coppinger figurest this weapon from N.W. 
Australia. Two modifications are shown by him, differing in the size of the 
emarginated hand-hold and degree of taper of the blade, and im consequence its 
width. 


The third form may, for the want of a better name, be termed the “rod 
womerah.” They consist of portions of very simple and rough saplings, the longest 
being three feet five, and ruddled. One is provided with a wooden peg, inserted into 
a kind of gum-cement cap, and then lashed on with twine (Pl. xxxiv. fig. 1). The 
other peg is of gum-cement only, rather pyriform in shape, whitened with pipeclay. 
Smyth figures{ even a more rudimentary rod womerah than either of the foregoing, 
but without locality. 


BooMERANGS. 


The boomerangs sent to the Exhibition do not, strictly speaking, belong to the 
suite representing the Alligator River Tribe, but are from another living further 
south-east and on the tableland. The men of the Alligator River Tribe are “spear- 
men,” and not “boomerang-men” as well. Stress was carefully laid on this point by 
Mr. Stockdale when giving me some particulars of the objects now under description. 
It is supported by the experience of the late G. W. Earl,$ so well known from his 
travels in the East Indian Archipelago, who observed that a tribe visiting Port 
Essington were provided with spears, throwing-sticks, and two-handed clubs, but no 
boomerangs. Four different types of boomerang were obtained by Mr. Stockdale. 


The first type seems to answer to the Barn-geet,|| or war boomerang of the 
southern tribes. One form of this type are plain unornamented weapons of a light- 
coloured wood, and possess but little curvature. One measured gave the following 
results: Length round the curve, two feet eight inches ; average breadth, two and 
a-quarter inches; thickness, about three-eighths of an inch; and weight, twelve ounces. 


* P.L.S.N.S.W., 1893, VII. (2), Pt. 3, p. 399, t. 11. 
+ Voyage of the ‘ Alert,” 1883, p. 34, pl. f. 9 & 11. 
+ Aborigines of Victoria, 1878, I. p. 309, f. 93. 

§ Journ. R. Geogr. Soc. 1846, XVI. p. 247. 

|| Aborigines of Victoria, 1878, I. p. 313, f. 96. 
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Another weapon of similar form is ruddled and longitudinally grooved, and at one 


end is cross-hatched. 


An interesting form of this type is represented by several examples made from 
a dark wood, in which the ends terminate in a central mucro, with emarginations on 
each side. One face, probably the obverse, is highly ornate and slightly convex ; 
the reverse being flat and longitudinally grooved. The carving in one case consists 
of a median line of elongately-oval figures, interrupted at the centre of the weapon 
by a broad transverse bar, with a narrower bar at each end. The convex and concave 
edges bear a festoon pattern, the festoons longitudinally grooved, and not necessarily 
facing one another on opposite sides. The synclines of the festoon outline are each 
distinguished by two transverse notches or nicks (Pl. xxxu. fig. 1). These weapons 
have a general measurement of two feet and half an inch long, two inches wide, and 


weigh ten ounces. 


Another single weapon is similar to the last in every respect except the 
sculpture. The median line of oval figures is replaced by two such, dividing the 
surface into three parts, a broad central band and two lateral zones. The latter 
exhibit alternate V-shaped and irregular half-circles on one half the boomerang, 
replaced by semi-ovals on the other, all cross-hatched (Pl. xxxu. fig. 2). There is, 
however, no transverse central band. Length, two feet ‘one and a-half inches ; 
breadth, two and a-quarter inches ; and weight, ten ounces. 


A third form is identical with the last, only in this case a median transverse 
band oceurs (PI. xxxm. fig. 3). The side sculpture consists of half-diamond figures, 


with two V-shaped marks on each re-entering angle. 


In the fourth and last boomerang of this type, the central surface is occupied by 
a four-line band returned again and again upon itself, forming a series of loops. The 
margins bear alternate large and small cross-hatched squares. The weight of this 


weapon is eleven ounces. 


A rather similarly sculptured boomerang to Pl. xxxu. figs. 1-3 is figured by 
Lumholtz* from Central Queensland, in so far that the weapon is medianly and 
transversely divided by an incised bar, one half the surface bearing two rows of 
consecutive ovals, and the other half three. The margins are sculptured with 
triangular festoons as before, but the ends of the weapon are not mucronate. 


These highly ornamented boomerangs seem to be eminently typical of North 
Australia, and so differing from those of the southern part, a fact which has not 


* Amongst Cannibals, 1890, p. 51, f. 6. 
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escaped that painstaking author, the late R. B. Smyth, who figures* a portion of one 
with four lines of loops like our fourth example above. 


The second type of boomerang resembles the /Vonxguzm,t+ or ‘ come-back 
boomerang,” of the southern portion of the Continent, but it is difficult to say much 
about them without an actual trial. They are slightly plano-convex, uncoloured, 
devoid of sculpture, and have much the appearance of the above weapon, but are 
longer. The largest is two feet five inches long, two and a half inches wide, and 


weighs six ounces. 


The third and last type is that of the West Australian Ay/e.{ These are very 
roughly made weapons, apparently adapted roots of a light-coloured timber, rather 
than wholly shaped out by the hand of the operator. They possess a peculiarly abrupt 
and sharp curvature. One is perfectly plain, but the other is ornamented by a 
zig-zag figure like a snake. One half the convex side is covered with bi-undulating 
lines. Length, two feet ; breadth, two inches; and weight, six ounces (Pl. xxxu. 
figs. 5 and 6). 


A very close representation of the second of these weapons is given by Eyre,§ 
even to the figure of the snake. He terms it the Wangn or Wangno, but no special 
reference to the locality is made. The resemblance to the figure of the Ay“e given 
by Smyth is very marked, especially in the double curve. 


Sworbs. 


The Aboriginal weapon termed a “sword” is a heavy wooden instrument used 
at close quarters in single combat. An illustration of a duel with swords will be 
found in Lumbholtz’s work.|| By different authors they are said to be both single and 
double-handed, and from their weight and general want of balance they are not 
weapons likely to commend themselves readily to the good opinion of the White-man. 
They are neither used for thrusting nor striking, I believe, at any rate not the 
heavier kinds, but are swung at an opponent, who protects himself with a shield. 
It is nothing uncommon to see examples of the northern shields of a certain type 
with large pieces notched out of the margins with these swords. They seem to vary 


chiefly as regards size, width, amount of curvature, and ornament. 


In the Alligator River Tribe the sword is known as JZeyarro/. The collection 


contains two varieties of the same type, a narrowly paddle-shaped weapon, lessening 


* Aborigines of Victoria, 1878, I. p. 329, f. 112. 

+ Aborigines of Victoria, 1878, I. p. 315, f. 99f. 

+ Aborigines of Victoria, 1878, I. p. 336, f. 140. 

§ Journ. Exped. Discovery Central Australia, 1845, II. t. 3, f. 8. 
|| Amongst Cannibals, 1890, p. 125. 
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in width towards the proximal end, but there again swelling out to afford a hand 
grasp. The larger of the two is five feet four inches long, four inches across the 
blade, and two inches across the thinnest part of the handle ; weight three pounds 
four ounces. The handle, covered with gum-cement and whipped with twine, is 
proximally emarginate. The shaft is decorated (PI. xxx. fig. 4) with oblongs or 
squares in black outline, arranged in pairs and cut off from the blade by alternate red 
and white transverse bands, which are repeated at the centre of the blade and again 
at the distal end. Each of the intermediate spaces bears a rhomb in red, with a 
central line, all other parts of the blade being covered with pipeclay checker-work. 


In the smaller sword (Pl. xxxum. fig. 1) the shaft is simply stained indian-red, 
the cross bands of the blade alternately red and yellow instead of red and white ; the 
intermediate spaces bear a series of imperfect rhombs, divided by a thick red line, 
and the remainder of the blade as in the first specimen. The twine of the handle is 


marked with a white cross. 


Macgillivray says* that the Port Essington swords, which he terms clubs, are 
made of a heavy Eucalypt called Wallaru. He divides them into three sections :— 
(a) Cylindrical, tapering at each end, and four feet long; (6) narrow, compressed, with 
sharp edges, four feet long; (c) similar to (4), and like a ericket-bat with a short 


handle. 


The examples now figured possibly fall into the first section. Smyth gives an 
ilustrationt of one, describes it as “ almost paddle-shaped,” and rightly ascribes it to 
Port Essington. It has the same emarginate proximal end. The shaft is unorna- 
mented except the usual red body colour, but on the blade a central longitudinal 
lenticular space is marked off by two white lines, the lateral spaces by white 
divaricating lines, and the blade separated from the shaft by two transverse lines of a 


similar colour. 


Eyre’s figure of the “two-handed sword” of the North Coast is referable to 
Section (c), but is not a good example of it. It is a lanceolate piece of hardwood, 
cylindrical, somewhat expanded in the centre, and accuminating distally. The apical 
fifth bears five equidistant transverse narrow bands. 


The sword of the Mackay District§ is to some extent curved like a scimitar, with 
a narrow handle, ornamented at the distal end with serpentine bands of pipeclay. 
It is two feet eleven inches in length, again coloured red, and is a double-handed 
weapon. 

* Voyage ‘‘ Rattlesnake,” 1852, II. p. 147. 

+ Aborigines of Victoria, 1878. I. p. 308. f. 86. 


t{ Journ. Exped. Discovery Central Australia, 1845, II. t. 6, f. 6. 
§ Smyth, Aborigines of Victoria, 1878, I. p. 303, f. 66. 
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The sword in use at Rockingham Bay is quite of the type c, with a very short 
g : { 4 
handle and a long blade, sharp at both edges, four feet nine inches long, and weighs 


from eight to ten pounds.* 


In the Herbert River District,+ says Lumholtz, the sword is curved after the 
Mackay type, and coloured with white cross-bars. At Port Hinchinbrook, Mr. G. 
EK. Dalrymplet saw swords made of a hard and tough wood like brigalow, and curved, 
with a point like that of an infantry sword. The handle is fined off, and large enough 
for one hand only. It will be at once apparent from a perusal of these quotations 
how general the same type of sword is over a large area of Queensland, differing only 
in detail. Even in Central Australia, about Cooper’s Creek, the sword, or something 
very like it, is in existence ; for Howitt refers to a “great boomerang,” about five 
feet long, which is never thrown, but used as a “club or broadsword at close 
quarters.”"§ Knight,|| in his “Study of the Savage Weapons at the Centennial 
Exhibition, Philadelphia, 1876,” figures these swords as Victorian throwing-sticks ! 
The relative proportions of one of these swords and the native using it is well shown 
in one of the plates of Mr. A. Meston’s “Queensland Railway and Tourists’ Guide.” 


FIcHtTinG-StTIckKs. 


Under the name of Aon-nung, R. B. Smyth figures a more or less cylindrically 
pyriform stick pointed at both ends, varying from two feet six inches to three feet in 
length. ‘It is employed in close combat principally, and dreadful wounds are inflicted 
by it sometimes. The warrior, holding it with the right hand by the middle, makes 
stabs into the neck, breast, and sides of his opponent, and not seldom forces the sharp 
pomt into the eye. The stick is also used as a missile.”** 


Several weapons, of a slightly more pyriform shape than Smyth’s figure, are 
in the collection, made of a dark heavy wood. They are longitudinally grooved, the 
distal end being rather larger than the proximal, which is cross-hatched. There is a 
good deal of variation in the length of the distal point beyond the pyriform enlarge- 
ment. The longest is two feet five and a-half inches, weighing fourteen ounces. 


Another form of the Aon-nxung of the Alligator River Tribe (Pl. xxx. fig. 5) 
resembles the last, except that it is quite smooth, blunt proximally, and provided 


* Aborigines of Victoria, 1878, [. p. 303, f. 67. 

+ Amongst Cannibals, 1890, p. 332. 

t Journ. R. Geogr. Soc., 1865, XXXV., p. 205. 

§ Smyth’s Aborigines of Victoria, 1878, IT. p. 304. 

| Ann. Report Smithsonian Inst. for 1879 [1880], p. 227, f. 28. 
§] Queensland Railway and Tourists’ Guide, p- 144, pl. 

** Aborigines of Victoria, 1878, I. p. 302, f. 64. 
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with an incised band on the pyriform enlargement. It is one foot nine inches m 
length. Lumholtz figures* a Aox-nung similar to this weapon, but pointed at both 
ends, from near Rockhampton. Strictly speaking, these are not Mz/la-nudllas, 
although frequently called so. This term is one in use on the Lower Murray, for 
a weapon made from a small sapling, with the root fashioned into a formidable knob, 
and answers very much better to what we term a bludgeon. 


Cuuss. 


The MJattinat of the Mackay District is a most formidable club-shaped weapon, 
bearing at the distal end a coronet of wooden nail-like projections.{ I apply this name, 
for the want of knowing that given by the Alligator River Blacks, to similar offensive 
weapons used by them. In one instance (PI. xxx. fig. 6), the coronet consists of 
twelve rows of projections, eight in a row, the stick itself being stained black and 
pointed at both ends. The proximal end is grooved. The length of this instrument 
is two feet three and a-half inches, and the weight one pound five ounces. 


In another specimen, the coronet consists of sixteen rows, five projections in a 
row, and whitened, the remainder coloured red. It is two feet three and a-half 
inches long, and weighs one pound five ounces. 


A perfectly similar weapon in use on the Burdekin River, is figured by Smyth, 
and was also seen at Herbert Vale, Central Queensland, by Lumbholtz.§ There is 
also a curious general resemblance between the J/attina and clubs used in the 
Portuguese Colonies of the Mozambique.(|j 


SHIELD. 


The only shield in the collection is after the type of the Goolmarry’ of the 
Mackay District, but quite unlike the large irregularly oval light shields of Eastern 
Central Queensland. The present example is elliptical in shape, two feet one inch 
long, and seven and a-quarter inches wide, weighing two pounds four ounces. The 
apices, both on the outer and inner sides, are stripped of the outer woody layer, 
exposing the grain. On the convex outside there is a longitudinal median incised 


* Amongst Cannibals, 1890, p. 73, f. « 
+ Smyth, Aborigines of Victoria, 1878, I. p. 300, f. 59. 


+ The practice of adapting articles of civilized manufacture by the Blacks is well exemplified in the case of some of 
these clubs in the Ethnological Gallery of the Australian Museum. Instead of the projections being carved out of the 
wood, as in the present case, they are made by inserting horse-shoe nails. 


§ Amongst Cannibals, 1890, p. 73, f. b. 
|| Knight, Ann. Report Smithsonian Inst. for 1879 [1880], p. 217, f. 2. 
‘| Aborigines of Victoria, 1878, p. 334, f. 138. 
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lme, coloured red, and along each margin are five semi-circular incised spaces. The 
inside is flat, with a deltoidal incised space on each side, above and below the hand 
cavity (Pl. xxxiu. figs. 2-4). Although similar in shape and decorticated apices, the 
Mackay shield is more elaborately ornamented both inside and out. 


Hardman* has remarked upon the rarity of meeting with shields ornamented 
inside. He states that the Carrézna of the Kimberley Black is so; here we have 
two other cases in point, the Mackay shield and the present one from Port Essington. 


Luspra FIGHTine-StTIck. 


The native women, it is well known, are given to fighting with long stout sticks, 
sharpened at both ends. The method adopted has been well described by Smytht 
and illustrated by Lumholtz.t The same stick is also used for digging roots, and is 
generally termed a “ yam-stick”; it is frequently as much as seven feet long. 


A stout heavy stick, weighing two pounds fourteen ounces, and obtuse at the 
ends, is represented by one specimen. It is made from a hardwood sapling, four feet 
six inches long and one and a-half inches in diameter, but is not pointed at either 
end. I am not absolutely certain that it should be included under this heading on 
that account. 


Il—ImpuLements, Persona ORNAMENTS, AND MANUFACTURES. 


TRUMPETS. 


Three very curious trumpets, often used in the corroboree, and differing from 
one another chiefly in ornamentation, are not the least interesting objects of the 
collection, and I regret that I have been able to learn so little about them. They 
are made from bamboo lengths, the diaphragms having been removed, probably by 
dropping live coals down the tubes. The bamboo, I am informed by Mr. Stockdale, 
grows about the Adelaide River, over an area of about one hundred miles by fifty, 
and reaches to a height of eighty feet. Mr. J. H. Maiden tells me there are two 
bamboos indigenous in Australia, Bamdbusa arnhemica\ and B. moreheadiana, the 
latter a climbing species and only one or two inches in diameter. Judging by the 


* Proc. R. Irish Acad., 1888, I. (3), Pt. 1, p. 67, t. 2, f. 3. 

+ Aborigines of Victoria, 1878, I. p. 351. 

+ Amongst Cannibals, 1890, p. 124, pl. 

§ See Australian Journ. Pharmacy, 1886, I. (n.s.), p. 447 (fide Maiden). 
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size, therefore, the trumpets are probably made of 4. arnkemica.* They are 
all about the same length and appear to be very difficult for the uninitiated to 
blow, but from the notes Mr. Stockdale was able to produce, must be very sonorous. 


The noise is very like that given forth by the South Sea Island Conch ( 77zton 
nodiferus, Linn. ). 


The longest tube, three feet three inches, is straight (PI. xxx. fig. 7), with the 
nodes of the bamboo picked out in red, the proximal end coloured red, white and 
blue, in a more or less diagonal pattern. The internodes are covered with incised 
checker-work. 


The tube intermediate in length (three feet one inch) between the last and the 
smallest is slightly curved. The proximal twelve inches is covered with what 
appears to be white-lead paint, thence upwards many of the internodes are elaborately 
carved, chiefly with incised checker-work arranged in rings, squares, or oblong 


spaces. Near the distal end one internode is nearly covered by vertical zig-zag lines. 


The smallest tube (Pl. xxx1. fig. 6) is also curved, and much more highly carved 
than either of the preceding. Near the centre is an internode with a zig-zag pattern, 
and on some of the others are designs of a peculiar and indefinite character. This 
tube is three feet long. 


Dr. Coppingert saw in a camp of the Larikia Tribe at Port Darwin the natives 
“producing a rude burlesque of music out of pieces of hollow reed, about four feet 
long, which they blew like cow-horns.” This is the only reference I have been able to 
find referring even probably to the use of these instruments. 


Betts. 


The belts used by the Alligator Tribe are highly ornate at the outer ends, and 
to a certain extent remind us of those used by the natives of some parts of New Guinea, 
Those now under notice are of ribbon-like wood, rigid, but at the same time easily 
bent in the direction of the grain, from five to nearly eight feet long, and elaborately 
coloured at the outer or exposed end. 


The largest is seven feet nine inches long, four inches wide, and weighs one 
pound four ounces. The coloured portion extends over a space of two feet seven 
inches, and the pattern consists of red and white lines in various curves and white 
checker-work, the white colours, as in nearly all these objects, being pipeclay 


fo) 


* Mr. Maiden has subsequently informed me that this tree grows to a height of from 30 to 50 feet, and four inches 
is a common diameter. It is found along the coast from Port Darwin, and probably extends to the Alligator Rivers. 


+ Voyage of the “ Alert,” 1883, p. 204. 


244 Macteay Menmoriat Vouume. 


(Pl. xxxrv. fig. 2). This belt and the two following seem to be made of an easily 
split wood. 


The next longest is seven feet, three and a quarter inches wide, and ten ounces 
in weight. The largest belt maintains the same width throughout, but in this case 
a certain amount of taper is apparent. The pattern colours used are red, white, blue 


and yellow (Pl. xxxiv. fig. 3), and the pattern too complicated for description. 


Ss: 


The third example is much shorter, only five feet six inches long, three inches 
wide, and eight ounces in weight. The pattern consists of more or less triangular 
spaces, transverse bands and white checker-work (PI. xxxuv. fig. 4). 


I know of but very few references to these belts. Inspector Paul Foelsche is 
one of the few who speaks* of the “painted belts made of bark used by the natives 
of North Australia.” 


The general character is that of the belts figured by Dr. O. Finscht from Maiva 
and Kerrema in New Guinea. He terms them Goazoa, and says that they are made 
of a thin hard bark. They are painted red, or covered with a plaiting of finely split 
bamboo, the outer ends are then figured with much more elaborate and artistic 
drawings than those on the North Australian, and filled in with white and red colour. 
Mr. E. G. Edelfelt also mentions the wearing of an elaborately carved and painted 
bark belt.{ 


Another form of belt is that made of human hair, chiefly female I believe, 
twisted into twine, of which there are several hanks in this collection ready for use. 


In the Dieyerie Tribe of the south, the male hair belt, called Vzzka, is three 
hundred yards in length and greatly prized from the difficulty in procuring it. 
Howitt also noticed that the Cooper’s Creek men had “a very long cord wound 
round and round the waist like a belt.”|| And Foelsche directly refers to the wearing 
of female hair round the waist in North Australia, but amongst the Kimberley 
natives the hair girdle is only worn by the piceaninies.? Human hair was also worn 
by the men of the Port Lincoln Tribe, South Australia, the hair spun into a yarn, 
and the latter twisted into a girdle,** but strangest of all is Oldfield’s statementtt that 


* Trans. R. Soc. S. Australia for 1881-82 [1882], V. p. 14. 


+ Ueber Bekleidung, Schmuck, und Tatowirrung der Papuas der Siidost Kiiste von Neu-Guinea. Math. Anthrop. 
Geselisch. Wien, 1885, XV. pp. 3 & 4 (sep. copy). 


+ Trans. R. Geogr. Soc. Austr. (Queensland Branch), 1892, VII. Pt. 1, p. 21. 

§ Gason in Smyth, Aborigines of Victoria, 1878, I. 281. 

|| Smyth’s Aborigines of Victoria, 1878, II. p- 302. 

‘| Froggatt, Proc. Linn. Soc. N.S. Wales, 1888, III. (2), p. 652. 

““ Schiirmann, Aboriginal Tribes of Port Lincoln in South Australia, 1846, p. 2. 
+t Trans. Eth. Soc., 1865, III. (n.s.), p. 268. 
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the women of the Shark’s Bay Tribe, West Australia, were annually shorn for the 
purpose of making hair-twine. The custom, therefore, of using human hair as a belt 
or girdle material appears to have been a common one throughout the Continent. 


ARMLETS. 


The armlets are made of two materials, grass and string, and are of various 
breadths. Those of grass or straw consist of a series of rings, each of equal size, 
lashed together, or they may be made of plaited straw. The string armlets, on the 
contrary, are longitudinally plaited and either stained red or whitened. Those made 
of straw are three inches in diameter and two and a quarter inches wide; those of 
string, three and a half inches diameter and two inches in width. 


Inspector Foelsche speaks* of rings of grass being worn by the North Australian 
tribes “plaited round the arms above the elbow, round the wrists and fingers.” In 
other parts of Australia, Gippsland for instance, such armlets as these were replaced 
by strips of Flying-squirrel skin or that of the Ring-tailed Opossum. t 


NECKLACES. 


One form of necklet worn by this tribe, and apparently an ornament widely 
distributed over Australia, is made of straw stalks cut into beads or bugles of various 
sizes strung on twine of varying degrees of thickness.{ These were worn both by men 
(Pl. xxxv. fig. 2) and women. Smyth says$ that a necklace such as this, measured 
by himself, was thirty feet or more in length, and one contained four hundred and 
seventy-eight pieces. Reed necklaces were worn both by the Yarra and Gippsland 
Tribes of Victoria, the former calling it Kor-6007¢. 


Inspector Foelsche refers to the use of these necklets by the North Australian. 
He says|| “Necklets made of grass stems cut in half-inch lengths, representing beads, 
are put on strings and worn round the neck.” Their use at corroborees in Victoria 
is mentioned by Stanbridge,‘l the necklaces consisting of a great many coils of short 


pieces of threaded reed. 


A second necklet consists of twenty-two kangaroo incisors strung on string 
(Pl. xxxiv. fig. 5). The base of each tooth is coated with gum-cement and coloured 


* Trans. R. Soc. S. Australia for 1881-82 [1882], V. p 14. 
+ Aborigines of Victoria, 1878, I. pp. 271, 275. 


+ Lumholtz states that in the Herbert River District a necklace of yellow grass bugles, strung on string long enough 
to go round the neck ten or twelve times is worn as an ‘‘ emblem of mourning.” Amongst Cannibals, 1890, p. 203. 


§ Aborigines of Victoria, 1878, I. p. 279. 
|| Trans. R. Soe. S. Australia for 1881-82 [1882], V. p. 14. 
‘| Trans. Eth. Soc., 1861, p. 297. 
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red. The string is passed through the gum, then round each tooth and knotted. In 
another necklet made of similar teeth (PI. xxxiv. fig. 6), the latter are smaller, and 
the string is simply passed through a hole in the gum-cement and not tied. 


Tn other instances, the teeth, instead of being strung, are tied in a bunch and 
attached to a cord with an eye, through which its own part runs to form a loop. 
Eyre figures* such an ornament; or the teeth may be attached to a strip of kangaroo 
skin.t 


Fitters AND Heap ORNAMENTS. 


Forehead bands or fillets appear to have been very extensively worn throughout 
the whole of Australia. 


A fillet of the Alligator Tribe is made of string woven, the longest threads being 
left free at the ends and gathered together in knots. It is stained red, the outer side 
coated white, leaving two median transverse red bands and one at each end. Smyth 
speakst of the fillet worn on the Bulloo Downs, Queensland, being covered with pipe- 
clay. On the Lower Murray this portion of dress is known as Mar-rung-nud. 


Another fillet consists of opossum hair twisted into a kind of loose twine, strung 
together, tied at opposite ends, and there whipped round. It is stained red. This 
form of head band is common throughout Australia. Eyre figures one from the 
North Coast. 


What is probably a head ornament consists of White Cockatoo feathers mounted 
as a tuft in gum-cement at the end of a number of strings of twisted opossum hair. 
The manner of wearing such tufts is shown in our PI. xxxv. fig. 1. In the Adelaide 
Museum a figure of a native is shown decorated with one of these tufts in a different 
manner. The string is placed round the man’s neck, the tuft of feathers hanging m 
the middle of his back. A somewhat similar but very much larger ornament is 


figured by Eyre.| 





A further utilisation of birds’ feathers is shown in a fine plume of the wing 
feathers of the “ Magpie Goose,” bound together by whipping the shafts with twine 
and covering with gum-cement. Another plume consists of similar feathers of the 
Native Companion united in the same way. A third plume is made by mounting the 
feathers of the Emu at the end of a small piece of bamboo or reed, with gum-cement. 
Tn our Pl. xxxv. the method of wearing these head ornaments is shown, but Mr. Zietz, 


* Journ. Exped. Discovery Central Australia, 1845, t. 6, f. 11. 
+ Aborigines of Victoria, 1878, I. p. 278, f. 27. 

+ Aborigines of Victoria, 1878, I. p. 276. 

§ Journ. Exped. Discovery Central Australia, 1845, t. 6, f. 17. 
|| Journ, Exped. Discovery Central Australia, 1845, t. 6, f. 10. 
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the energetic Curator of the Adelaide Museum, pointed out to me a plume of White 
Cockatoo feathers mounted in a precisely similar way, forming the apical ornament of 
a very remarkable Corroboree pole, and again in a similar position on the equally 
peculiar masks worn in the Corroboree at Port Darwin. Lumbholtz states* that on the 
Herbert River, tufts of Talegalla feathers are held in the mouths of the dancers, whilst 
further corroborative evidence of the use of these tufts is given by Foelsche, who 
sayst that “bunches of white feathers fastened to a short painted stick are stuck in 


the hair” amongst the North Coast tribes. 


APRONS. 


The front covering, or apron, worn by males was made in some tribes of strips of 
skin, in others circlets of string were used. A number of the latter are present in 
this collection of different degrees of coarseness, whipped at opposite ends to keep 
them together, some containing as many as fifty rounds or circlets. The twine is 
coloured either of the usual indian red or ochre, whilst the whipping is green or 
white. The male figure, previously referred to in the South Australian Museum, 
has similar bundles of twine suspended in front from the girdle and acting practically 


as an apron. 


In southern tribes using the skin strips, these when made of opossum skin are 
called Barran-jeep.t 
Bopy-corbs. 


Long lengths of twine, of different sizes, are stained indian red and formed into 
two loops and used as body decorations. The arms are passed through the loops, 
so that the line of union of the two rests vertically along the back between the 
shoulder blades, the front portion of the loops giving support to the pectoral muscles 
and mammze. The united portion is whipped with its own material. 


Mr. J. F. Mann describes$ a peculiar modification of these body-cords, made in 
this instance of spun opossum hair. It is first placed round the loins, then alternately 
over each shoulder, and finally round the neck, imparting the appearance of both a 
girdle, necklet and cross belts. 


Baskets. 


The baskets are numerous and of various sizes. They are made of small reeds 
or rushes, and although flexible are particularly tough. 


* Amongst Cannibals, 1890, p. 237. 

+ Trans. R. Soe. 8S. Australia for 1881-82 [1882], V. p. 14. 

~ Smyth, Aborigines of Victoria, 1878, I. p. 273. 

§ Proc. Geogr. Soc. Austr. (N.S. Wales and Vict. Branches) for 1883-84 [1885], I. p. 36. 
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The largest is beautifully made of close rushwork, with a string handle, and is 
very much akin to a basket figured by Smyth* from the Burdekin Tribe. It is two 
feet ten and a half inches long (Pl. xxxiv. fig. 7). The rush or flag appears to have 
been split into very thin strips, representing the “staking” in ordinary now-a-days 
basket work. These are held in position by intertwining with them the horizontal 
bars or “siding.” The groundwork of the bag is stained indian red as usual, 
and relieved by four equidistant encircling narrow bands, which with the apex 
and portions of the mouth edges are stained a fine orange yellow. On what may be 
presumed to be the front of the bag the spaces between the orange cross-bands are 
covered with rectangular or hour-glass shaped figures, five in each zone. Those of 
the top zone are rectangular and white; in the second zone the two left-hand and the 
extreme right-hand figures are hour-glass shaped and white, the two intermediate 
ones being rectangular and black. In the third zone from the mouth, all are hour- 
glass shaped and white. The figures of the bottom zone are all rectangular and 
coloured like those of the second tier. 


Another basket, rather less in length, but of similar construction, is uncoloured, 
except at the base or apex, where there are three narrow transverse bands of indian 
red picked out with pipeclay dots. 


A third basket, only nine inches long, and quite similar to the foregoing, is 
simply staimed red without transverse bands of any kind. 


All three baskets have string handles, from one end of the mouth only, and 
their general durability is remarkable. In figuring a very beautifully made basket of 
this description Lumbholtz says they are sometimes ornamented with stripes and dots 
of blood taken from the maker’s own arm.t 


Other baskets of a more open meshwork are constructed by forming the 
“staking” of five untwisted pieces to each upright or stake, with the “siding” in 
one case consisting of a bi- or tri-twist (Pl. xxx. fig. 7), or of two or three 
untwisted strands (Pl. xxxu. fig. 8). These baskets are either uncoloured or 
covered with scattered red blotches. They vary in size from seven and a-half to 
nine and a-half inches long. 


The principle of manufacture is quite similar to that of a Tasmanian bag figured 
by Ling Roth,} consisting of a “series of upright pieces of reed held partially in 
position by means of two pieces of twisted fibre, which two are again twisted into 
each other in such a manner as to enclose at every twist one of the upright reeds.” 


* Aborigines of Victoria, 1878, I. p. 346, f. 161, a and 6. 
+ Amongst Cannibals, 1890, p. 194. 
+ Aborigines of Tasmania, 1890, p. IX. f. 2, and f. 3. 
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Roth says this is similar to the basket-work made in many other parts of the world, 
as well as fabric from the Swiss Lake dwellings, and bark mats and bark bags made 
by the Ainos of Japan. 


Of an entirely different character are two strong, well made, open, somewhat 
oblong baskets with stiff cane handles, more after the fashion of a White-man’s basket. 
They seem to be made of the spathe of some large inflorescence which Mr. Stockdale 
says is that of the Cabbage Palm. These baskets are termed Mar-ro-ing. 


Baas. 


The bags are entirely made of a coarse, harsh, bi-strand string, and are long, 
narrow at the mouth, and expanding downwards. The largest bag is uncoloured, 
and has a rhomboidal mesh, one and a-half inches in longitudinal diameter. The 
knot used (Pl. xxxu. fig. 9) is as near as possible that known to mariners as the 
swab-hitch or weavers’ knot. Smyth figures* a precisely similar knot used in making 
a fishing-net from the Burdekin River. 


A second bag, of a triangular shape, and stained indian red, is one foot long, 
with a three-quarter inch rhomboidal mesh, formed in the same way as the last bag. 


The third of these large bags is rather pyramidal, the coarse string knitted in 
diagonal lines by a simple twist without knotting, producing a very close mesh. 
The mouth is semi-lunate, and beautifully finished off with a string handle, arising 
from opposite sides. The mesh is formed by simple loops (Pl. xxxu. fig. 10), and is 
identical with that of a fishing-net figured by Smyth from Lake Tyers, South 
Gippsland.+ It is also similar to a Tasmanian bag in the Oxford Museum, and Rotht 
further points out that the mesh is identical with a stitch used in modern point-lace 
work, called the “ plain net or first lace stitch.” The twine consists of fibre “twisted 
into two strands, which are again twisted together to form the cord.” 


The remaining bags are small, and are used, so Mr. Stockdale says, for personal 
adornment —one, for instance, being placed on the breast and another behind each 
ear, &e. One is oblong, six inches long, and stained a dark umber. It is made of a 
bi-twisted coarse strong twine, with a rhomboidal mesh, knotted at the angles, each 
opening of the mesh with a diameter of three-quarters of an inch (PI. xxxu. fig. 11). 
Another of these small bags is triangular, and stained indian red. It is six and 
a-half inches long and four and a-half inches across the base. The twine in this case 


* Aborigines of Victoria, 1878, I. p. 390, f. 225. 
+ Aborigines of Victoria, 1878, I. p. 389, f. 223. 
+ Aborigines of Tasmania, 1890, p. X. f. 3. 

HH 
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is soft, bi-twisted, forming a small rhomboidal mesh, knotted as in the preceding bag 
at the angles. Two other bags are square, five inches long, with seii-lunate mouths. 
The mesh is similar to that of Pl. xxxir fig. 11. 


(GourDs. 


These are quite unlike the usual rough make-shift utensils usually employed by 
the Aborigines to carry water in, but resemble the ordinary earthenware water- 
monkey in use in everyday life, a round body with a long tube-like neck, such as 
would be produced by the fruit of Lagenaria vulgaris. The only published reference 
I ean find to the use of a similar gourd in the north is, strange to say, in one of 
Coppinger’s figures* of the grotto drawings at Clack Island, Torres Straits. The 
drawing represents a similar gourd, but with a longer neck, and is ornamented with 
transverse bands that may be either incised lines or pipeclay dots, which Coppinger 
says most of the objects represented on the walls of the cave are marked with. 


IXPLANATION OF THE PLATES. 


PLATE Xxx. 


Fig. 1.—Yoko-ojale, or “ lace-spear,” used in fighting. 

Fig. 2.—A bilaterally symmetrical modification of fig. 1. 

Fig. 3.—Double-barbed spear, with barbs graduating upwards. 
Fig. 4.—WMeyarrol, or sword, highly ornate. 

Fig. 5.— Kon-nwng, or fighting-stick. 

Fig. 6.—WMattina, or tighting-club. 


Fig. 7.—Corroboree trumpet made of bamboo stem. 


PLATE XXXI. 


Fig. 1.—Serrated spear-head, with wide apart recurved barbs and a flat notched back. 
Fig. 2.—Doubly-serrated spear-head, with three forms of barbs. 

Fig. 3.—Doubly-barbed spear-head, with strong barbs far apart and a lanceolate apex. 
Fig. 4.—Doubly-barbed spear-head, with recurved barbs far apart and a serrated apex 
Fig. 5.—Fish spear-head of three prongs. 


Fig. 6.—Corroboree trumpet of curved bamboo. 


* Voyage of the ‘‘ Alert,” 1883, p. 192, pl. f. 6. 
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PLATE XXXII. 


Figs. 1-3.—Portions of carved boomerangs, with mucronate ends, after the type of the Barn-geet. 


5 


Fig 


S- 


Fig. 


4.—Outline of the entire boomerang to illustrate the full outline. 
5.—Boomerang after the type of the Kylie, with incised bi-undulating lines. 
6.—Flat side of the same weapon, with an incised figure of a snake, or perhaps a millipede. 
7.—Basket-work “staking” and “siding.” 
8.—“ Staking” and “siding” of another basket. 
9.—Bag-mesh, opened out to show method of knotting. 
10.—Bag-mesh formed of simple loops. 


11.—Bag-mesh, knotted at the angles. 


PLATE XXXII. 


1.—Meyarrol, or sword, highly coloured in red, white, and yellow. 
2.—Goolmarry, ov shield ; outside view. 
3.—Goolmarry, or shield ; inside view. 


4.—Goolmarry, or shield ; side view. 


PLATE XXXIV. 


1.—Proximal end of “rod womerah,” showing peg held in position by gum-cement and twine. 
2.—Outer end of wooden pliable belt, showing coloured ornament. 

3..—Another similar belt, but shorter. 

4.—A third still shorter belt. 

5.—Necklace of kangaroo incisors, held in position by gum-cement, and twine passed round them. 
6.—Another necklace, with the twine passed through the gum-hafting. 


7.—Rushwork basket, coloured indian red, and ornamented with black, yellow, and white. 


PLATE XXXv. 


1.—Head of Alligator River native, full face, exhibiting use of the nose bone, and tufts of feathers 
in the hair. 
2.—Another head, profile, with necklace of grass bugles, head fillet of twine, and bunch of feathers as 


a forehead ornament. 
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NEMATODES, MOSTLY AUSTRALIAN AND FIJIAN. 
By N. A. Coss. 
(Plates xxxvi.-xum.) 


InrtTropucrory Nore. 


The following pages contain descriptions, accompanied by about one hundred 
and seventy figures, of eighty-two species of Nematodes, of which about half have 
not been hitherto described. In a number of cases the anatomical details have been 
worked out in a manner worthy the attention of the morphologist. 





Fig. 1.—-Diagram in explanation of the descriptive formula used for Nematode worms ; 6, 7, 8, 10, 6 are the transverse 
measurements, while 7, 14, 28, 50, 88 are the corresponding longitudinal measurements. The formula in this 
case is :— 7:14: 28: 50° 88° 

Pw a MP 
The unit of measurement is the hundredth part of the length of the worm, whatever that may be. The 
measurements become, therefore, percentages of the length. 
The measurements are taken with the animal viewed in profile; the first is taken at the base of the pharynx, the 
second at the nerve-ring, the third at the cardiac constriction, the fourth at the vulva in females and at the 
middle (M) in males, the fifth at the anus. 


Genus MONONCHUS, Bastian. 


The genus MZononchus is composed of herbivorous free-living Nematodes, not 
C Terre yeecsioraer onto iil ase eae and 23-825 =M— 90° 
marine, having the average formule 33336 33-2 2™™. and 33-y5-30 35 2 7mm. 








They are readily recognised by their capacious pharynx, containing from one to three 
commonly conspicuous teeth, whose function is, in conjunction with certain minute 
file-like or rasp-like areas on the wall of the pharynx, to masticate the food, which 
consists of fresh and succulent vegetable matter, such as rootlets, or the tissues of 
aquatic or sub-aquatic plants, or the protected tissues found among the sheaths 
of the leaves of certain land-plants. The thick transparent cuticle of these worms 
is destitute both of hairs and strie. The neck is sometimes almost cylindrical, 
but is usually conoid, and invariably ends in a truncate head, which in one species 
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( Tunbridgensts) is contracted, but in all the others is slightly expanded at the lip- 
region. Two rows of tactile organs, each consisting of six conical innervated papillee, 
surround the mouth,—the outer spreading row being situated on the margin of the 
head, while the inner row closely surrounds the mouth. These papillze are usually of 
uniform size, but sometimes those of one row, usually the inner, are larger than those 
of the other. It is tolerably certain that the number of lips is three, and that each 
lip is two-parted, though this is not an easy thing to demonstrate, owing to the fact 
that the lips are very low and nearly confluent. The mouth-opening is small, the 
length of the passage leading from it to the pharynx being determined by the 
thickness of the lips, which are uncommonly bulky and powerful. Behind the lips 
the pharynx assumes at once its full width, which is tolerably uniform throughout its 
length in most species; in a few, however, the posterior part narrows somewhat 
gradually instead of suddenly. The absolute length of the pharynx varies, speaking 
roughly, from 30, to 604, the smaller species, as a rule, possessing a smaller pharynx, 
but not by any means proportionately smaller. JZ. digzturus, for instance, notwith- 
standing that it is only half as large as AZ. longicaudatus, has a pharynx quite as 
large as that of the latter. In form the pharynx varies between triquetrous and 
hexagonal, usually three and sometimes all of its edges being clearly indicated by 
longitudinal more or less curved chitinous ribs. A dorsal tooth seems always to be 
present, though it is occasionally inconspicuous. It is usually situated near the 
middle of the dorsal side of the pharyngeal cavity and projects forward and inward, 
often so much as to be very conspicuous. A few species possess ventral submedian 
teeth, rivalling the dorsal in size, and placed on a par with it; probably these 
submedian teeth exist in a more or less rudimentary condition in most of the species, 
but have been overlooked and hence left unnoticed by the authors. Portions of the 
chitinous walls of the pharynx are covered with minute teeth or roughnesses, 
resembling sometimes those of a rasp (first noticed by Dujardin) and sometimes those 
of a mill-saw file (first noticed by Biitschli). These rasp-like or file-like roughnesses 
appear to have a definite relation to the form of the pharynx, and to have a definite 
function, namely, to aid in mastication. I have observed that the species possessing 
rasp-like roughnesses have them placed in opposition to the projecting part of the 
dorsal tooth, the areas covered by the minute teeth beginning near the lateral lines 
and extending toward the ventral part of the pharynx, where the teeth seem less 
developed than at the sides ; the dorsal surface of the pharynx near the dorsal tooth 
is quite smooth. The species observed by me possessing plain transverse striations 
resembling the teeth of a mill-saw file, are species in which the dorsal tooth is 
rudimentary and situated near the base of the pharynx, the position of the striations, 
however, being precisely that of the above-described bands of rasp-like teeth ; the 
walls of the pharynx are, moreover, in-this case traversed by certain curved transverse 
ridges of such a complicated nature that even after considerable study of them I can 
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only assert that they must impart to the wall of the pharynx an irregular sculpturing, 
doubtless well adapting it for mastication, for which purpose the exterior of the 
pharynx seems supplied with more abundant and more powerful muscles than in the 
other species. Doubtless these differences can be made the basis of a division of the 
genus into two natural subgenera. In those cases where the dorsal tooth is placed in 
the neighbourhood of the lips, [ have observed that the anterior walls of the pharynx, 
or the internal surface of the lips, are armed with large somewhat tooth-like almost 
backward-pointing processes, which I judge from their position (I have never seen 
them act) to be the antagonistics of the dorsal tooth. The lips and walls of the 
pharynx are always supplied with numerous and powerful muscles, concerning whose 
action Biitschli remarked that the head was often seen to contract longitudinally. 


The csophagus is very simple, being a tube half to two-thirds as wide as the 
neck, wider posteriorly than anteriorly, without bulbs of any sort, and separated from 
the intestine by a distinct but shallow constriction, which is sometimes double owing 
to the fact that the intestine is joined closely to the cardia for a short distance and 
then suddenly expands. The intestine is two-thirds to three-fourths as wide as the 
body and ends in a short and narrow rectum, only about two-thirds as long as the 
anal body-diameter. The intestine is usually thin-walled and is composed of cells 
whose granules are arranged so as to give rise to a tessellation, often of such a perfect 
and beautiful kind as to render these worms a most attractive spectacle. The nerve- 
ring surrounds the cesophagus squarely near the division between its anterior and 
middle third; before and behind the ring the usual ganglion cells occur. All the 
species are eyeless. The lateral fields are well developed, beg one-fifth to one-third 
as wide as the body. The lateral organs have remained until now undiscovered in 
all the species ; I find, however, that in ongzcaudatus they exist opposite the middle 
of the pharynx in the form of small transverse ellipsoidal openings. The ventral 
gland, too, has hitherto remained unseen, but in megalaimus and digiturus a pore 
and this pore has every appearance of being the 


exists Just behind the nerve-ring, 


outlet of the ventral gland. 

The tail varies in length from one-fiftieth to one-fifth of the length of the 
animal; when short it is conoid, and when long it is conoid in the anterior part and 
narrow and ecylindroid in the remaining part, being always slightly swollen at the 
terminus, which is rounded and gives exit to the secretions of the caudal glands, 


probably always three in number. 


In two species (dgz/avus and gymnolaimus) the female sexual apparatus is single, 
in all the others as yet made known it is double, the two parts being symmetrically 
reflexed, in spite of which fact, however, the projecting vulva is usually situated near 
the beginning of the posterior third of the body, a position in harmony with the 
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unusually great length of the cesophagus, which seldom occupies in adults less than 
one-fourth the length of the body. The eggs are usually ellipsoidal and somewhat 
longer than the body is wide; they are generally deposited before segmentation 
begins. The reflexed part of the ovaries is usually short, seldom reaching more than 


half-way back to the vulva. 


The tail end of the male generally resembles that of his mate in form, but differs in 
the presence of numerous low broad papillee, of which a ventral row of a dozen or more 
closely approximated ones are found in front of the anus, while several others are found 
scattered over the tail. Each of the two equal slender spicula is generally supplied 
near the middle of the shaft with an additional piece of chitin which doubtless serves 
to render it less flexible. The accessory piece is double and surrounds the spicula. 


While the genus JJononchus is one easily recognised and detined, it is one whose 
affinities have been somewhat misunderstood. It does not stand in such close 
relationship to Oxcholaimus as was formerly supposed. The structure of the pharynx 
which was thought to give it that relationship is now more clearly understood, and is 
seen to present a superficial rather than a real resemblance to the pharynx of 
Oncholatmus. The structure of the lips is very different in the two genera, those of 
Mononchus being thick, armed with a double row of prominent papillee and not 
accompanied by cephalic sete, while those of Oxcholaimus are thin, lack at any rate 
conspicuous papille and are always accompanied by sete. The inner walls of the 
pharyngeal cavity of Jononchus are moreover armed with rasp-like or file-lke 
roughnesses, not seen in Oxcholaimus. Leaving the pharynx we come to other very 
striking differences. For instance, no ventral gland has yet been demonstrated in 
Mononchus, although it probably exists, while it is never absent and is usually 
conspicuous in Oxcholaimus ; then, too, the nerve-ring in the former genus is always 
considerably in front of the middle of the cesophagus, while in the latter it is near the 
middle or behind it; again the male copulatory organs of the two genera differ widely 
from each other, and this brings to mind another difference, namely, the extreme 
rarity of males in one case and the comparative abundance in the other ; Ozcholaimus 
is marine, while J/oxonchus lives in soils and on the surface of land plants; the 
peculiar organ seen in the females of Oxcholaimus has not been met with in J/ononchus. 
These differences and others seem to me to show that only a somewhat remote 
relationship exists between these two genera. 


I am of opinion that the worms belonging to this genus can by no means be 
termed harmless to vegetation. My opinion is based on data collected during several 
years and is therefore worthy of the attention of vegetable pathologists. 


Mononchus is distributed all over the world. I have myself examined specimens 
from North America, Europe, tropical Asia, Australia and Fiji. The species do not 
’ I ’ a} 
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so far as I have observed differ widely from one another, though this statement may 
be qualified by our lack of knowledge concerning the males. They are universally 
found congregated about the roots of plants or in the axils of their leaves, where they 
thrive by gnawing at the epidermis and the subjacent cells. There can be no doubt 
that they sometimes occur in sufficient numbers to do visible injury, as witness the 
following observations : 


The edible part of three bunches of nice-looking celery bought of a Chinaman 
in Sydney was cut off as far up as it was tender,—nearly to the first leaflets. It was 
washed by hand in a tin dish in tank water, free from nematodes. The washings gave 
about 200-300 nematodes as follows. 


1. Mononchus longicaudatus, Cobb, very abundant ; 


bo 


Rhabditis sp.? less abundant ; 

3. Plectus parietinus, Bast., in numbers equalling the last ; 
4. Diplogaster trichuris, Cobb, a few ; 

5. Mononchus sp.? few ; 

6 


. Dorylaimus sp.? two at least. 
The leaves were also washed ; one nematode, a JZononchus, was found. 
These observations lead me to believe that the damage these worms are capable 


of doing to plants, especially young seedlings, is considerable, though there is as yet 
a dearth of evidence on that point. 


Kay. 


Female sexual organ single: Cheeks thin, i.e., pharynx one-half as wide as the head ; 
teeth basal— 


Armeduwithithree equalateethienstseciesitslies ccs teristtecsteceie mace euitels ectoactedsteasises 1. digiturus. 
Ar meduwithrarsingletsmallitootheesasercsscrsmeiee-tereteeseese saree inecieeaccstit 2. gymnolaimus. 
Female sexual organs double: Cheeks thick, i.e., pharynx less than one-half as wide as 
the head ; dorsal tooth if present, central. 
Length not much above half a millimetre..................sccecesseeerseseececeeneees 3. crassiusculus. 
Length at least one millimetre. 
Head contracted opposite the pharynx...................0cseescorsrseresecerece 4. Tunbridgensis. 
Head not so contracted. 
Dorsal tooth opposed by two large ventral submedian ones......... .. 95, tridentatus. 


Dorsal tooth not opposed by others of any size. 
Tail conoid and ventrally arcuate. 
PNR ELH BIS) Fen aonoptioce sos ong sbdanBaBeponODNTAGoNO NEO HI0G00 GeI00E 6. brachyurus. 
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Anus at 96 ¥ to 87 7. 
Worm about 1: mm. long. 





Pharynx thrice as long as wide.................0.0+ 7. parvus. 

Pharynx twice as long as wide................0+.8 8. cristatus. 

Pharynx about as long as wide.................. 06+ 9. minor. 
Worm about 1:8 mm. long. 

Pharynx narrow, twice as long as wide........ ..» 10. papillatus. 

Pharynx about as wide as long........ ....s.eeeee 11. muscorum. 
NYormipaboubra mis] on cwnsssasneremsteersceee ties ceesees) LQ mnagor 


Tail in the posterior part cylindroid. 
Anus at 827%; pharynx less than three times as wide aslong 13. longicaudatus. 


Anus at 867% ; pharynx four times as wide as long.......... 14. truncatus. 
: 15. macrostoma. 
Anus situated at length at not less than 90 7%... ........405 { 
16. fovearum. 


2.0 9 R  iupl2 
At 3°3 8°22 25°6 ‘70 92° s 
1. M. digiturus, n.sp.  33-3-—ya— gag 4mm. The truncate head is only very 


slightly expanded. Each lateral field appears to end in a curve opposite the anterior 
part of the pharynx, and I surmise that these curves are the lateral organs. The 





pharynx, which is as long as the head is wide and two-thirds as wide as long, is entered 
through a vestibule one-fifth as long as the pharynx proper ; three longitudinal 
chitinous ribs occur at the angles of the internal surface of the pharynx and near their 
bases are seen three subequal rather rudimentary basal teeth, of nearly equal size, only 
one-third as long as the cavity. The cesophagus is about three-fifths as wide as the 
neck, being in the middle somewhat narrower than elsewhere ; it is separated from the 
intestine by a distinct constriction. The gut is three-fourths as wide as the body and 
ends in a rectum a trifle longer than the anal body-diameter. A ventral pore occurs 
just behind the nerve-ring. The tail is areuate-conoid to the somewhat blunt terminus. 
This and the next are the only known species in which the female sexual organs are 
not double and symmetrical, and as usual it is the posterior branch which has 
disappeared ; the remaining anterior branch is short and reflexed. ,The vulva is not 
prominent. Drawings are given on Pl. xxxvi. 


This worm was found in small numbers about the roots of banana plants, Fiji, 
July, 1891. No males were seen. 





2. M. gymnolaimus, n.sp. 33-33-97 es “7 20mm. The neck of this species is 
eylindroid. The diameter of the inner circle of cephalic papillze is half that of the 
outer circle. The vestibule is one-fourth as long as the pharynx proper. Opposite 
the anterior part of the pharynx, near what appears to be the termination of the 
lateral fields, occur small transverse elliptical markings, probably representing the 
lateral organs. The strongly three-ribbed triquetrous pharynx is as long as the head 
is wide, and one-half as wide as long, and presents a single rudimentary dorsal tooth 


at the base. The transverse striz on the wall of the pharynx near the middle are 
eat 
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1, apart. The intestine is laid close on to the cardia,—thus giving rise to a double 
constriction in the cardiac region,—and is composed of cells of such a size that twelve 
side by side make up its circumference. The concave-conoid rectum equals the anal 
body-diameter in length. What had every appearance of being the excretory pore 
occurred immediately behind the nerve-ring of every one of the numerous specimens 
examined. The lateral fields appear to be one-fifth as wide as the body. The tail is 
conoid to the terminus, which has a diameter one-seventh as great as the anal body- 
diameter. The vulva is not prominent. The uterus is as long as the reflexed part 
of the ovary, which reaches two-fifths the way back to the vulva. The ova are 
arranged single file. This worm is well drawn on PI. xxxv1. 


fTab.—F ound in soil about the roots of banana plants, Fiji. No males were seen. 


* . : 20 a2 98*6 6680: : 
3. M. crassiusculus, Dujardin. =—;~;—y37 *mm. This seems to be a doubtful 


or insufficiently-described species. 


FTab.—F¥ vance. 











< : 2 3° 2? 23° 60+ 89° . . . 
4. M. Tunbridgensis, Bastian. $;-7-¢y 55 32 11™. This species is well charac- 


terised by the head diminishing in size opposite the base of the pharynx. 


Ffab.—Tunbridge, England. 

5. M. tridentatus, de Man. geo nw 32mm As its name indicates, this 
species possesses three teeth ; they are of equal size, their apices being situated some- 
what in front of the middle of the triquetrous pharynx. The cesophagus gradually 
widens posteriorly. The intestine, which is two-thirds as wide as the body, is 
separated from the cesophagus by a transparent cardiac region. The rectum is three- 
fourths as long as the anal body-diameter. The tail is conoid in both sexes. 
bios 1p 27mm, The male has a ventral row of fifteen to seventeen papille in 
front of the anus, and presents also both dorsal and ventral papillee on the tail. Each 
of the two equal slender arcuate spicula has a median stiffening piece of chitin. The 
accessory piece is two-parted, dentate, and encloses the spicula. Oblique copulatory 
muscles appear to be present. 

FTa6.—Moist soil, Holland; not common. 

6. M. brachyurus, Biitschli. }77¢ 327° 15mm. The nearly cylindrical neck of 
this active species is said to terminate in a truncate head bearing a szzgle row of 
rather large papille. The beaker-shaped pharynx is one-third as wide as the head, 
and twice as long as wide. Rasp-like areas on the wall of the pharynx oppose the 
dorsal tooth. The tail is conoid, blunt and arcuate. Two ventral papille are found 
near the vulva, one in front of it and one behind it. The reflexed portions of the 
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ovaries are short. }4+.7-, 17mm. The tail of the male resembles that of the female 


in form. A ventral row of ten to eleven large papillee occurs in front of the anus. 
Dorsal as well as ventral papillee are found on the tail. Each of the two equal 
arcuate spicula is stiffened by an extra central piece of horn. The accessory piece is 
two-parted and surrounds the spicula. 


Hab.—Soil in meadows, Western Europe ; common. 


| Bie fea ye Usb ee ak C : 2 a s 
7. M. parvus, de Man. }—33-q7 52-3 11mm. The conoid neck terminates in a 





head with an expanded lip-region bearing the usual two circles of papillee of which 
the inner are the larger. The pharynx is a little over one-third as wide as the head, 
the dorsal tooth being small and central. There are two small submedian teeth at 
the base of the pharynx. The intestine is two-thirds as wide as the body and ends 
in arectum two-thirds as long as the anal body-diameter. The reflexed ovaries reach 
three-fourths the way back to the vulva. 

H1ab.—This active species is common in sandy meadows, Holland. 

8. M. cristatus, Bastian. 32)" *5 um. The cesophagus is about half as 
thick as the neck. The intestine is two-thirds as wide as the body and ends in a 
rectum two-thirds as long as the anal body-diameter. 


Ffab.— England. 

9. M. minor, n.sp. An immature female gave the formula $37 3a3-37 
The head is less truncate than usual. What appear to be lateral organs occur 
opposite the anterior part of the pharynx. This latter is pyriform, being broadest 
anteriorly and is approached through a narrow vestibule nearly one-third as long as 
itself The thumb-shaped dorsal tooth projects half way across the pharyngeal 
cavity somewhat above the middle, and is opposed by half-a-dozen transverse rows of 
rasp-like teeth one micromillimetre apart, the upper of these rows being opposite the 
apex of the tooth and the lower opposite its middle. The intestine is three-fifths as 
wide as the body, and the rectum is nearly equal to the anal body-diameter in length. 
The lateral fields are one-third as wide as the body. The terminus of the tail is one- 
third as wide as the base. The anatomy of this worm is well set forth on Pl. xxxvi. 


1*mm. 


Ffab.—In soil about banana plants, Fiji, 1891. 


: . 25 2 23: “6T" 93° : R 

10. M. papillatus, Bastian. $3+35—+—33 13tozsmm. The triquetrous pharynx is 

about one-third as wide as the head, and has the rather small dorsal tooth situated 
a little in front of the middle. | The intestine is two-thirds as wide as the body. 


Hab.—Among moss and grass, Western Europe ; common. 
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11. M. muscorum, Dujardin. Ze 25to3mm. The small dorsal tooth 
is near the centre of the pharynx, which is nearly one-half as wide as the head. The 
somewhat conoid cesophagus is three-fourths as wide as the neck, and the intestine is 
three-fourths as wide as the body. The rectum equals the anal body-diameter in 
length. The tail diminishes somewhat more rapidly near the terminus. The reflexed 
ovaries, each containing about a dozen ova arranged single file, extend half-way back 
to the projecting vulva. The eggs are one and one-half times as long as the body is 
wide, and three-fifths as wide as long. The anterior sexual organ is somewhat the 
larger. 

Hab.— Among moss, &c., Western Europe. 

12. M. major, n.sp. ee s4mm. The conoid neck terminates ante- 
riorly in a truncate head bearing two rows of papille arranged as usual. The lateral 
organs are small and are situated near the lips,—slightly further forward than the 
point of the dorsal tooth. The narrow mouth leads into a pharynx as long as the 
head is wide, and two-fifths as wide as long, pointed at the bottom and strongly lined 
with chitin. The tooth, which, though small, is conspicuous, is situated considerably 
in front of the middle of the pharynx. The lateral fields are one-fifth as wide as the 
body. The intestine, which is marked off from the cesophagus by a shallow but 
distinct constriction, is greenish in colour, and composed of rather small cells showing 
an indistinct tessellation ; the rectum is equal in length to the anal body-diameter. 
The conoid tail is ventrally arcuate, and ends in a blunt terminus containing a 
spinneret of the usual form. The eggs are probably less than twice as long as wide.- 
The reflexed ovaries reach about half-way back to the vulva. {g3-39g5—33 34mm. 
The tail of the male somewhat resembles that of the female in general form, but is 
more strongly arcuate. The spicula are elongated, arcuate, tapering toward both 
ends, not cephalated, and twice as long as the anal body-diameter, and are situated 
close together ; the accessory pieces are well developed, and surround the spicula 
behind the middle, their blunt proximal points appearing in front of the ventral 
contour of the spicula. The protruding-muscles of the spicula are attached to the 
body-wall near the middle of the tail. A ventral row of about twelve conspicuous 
innervated mammiform accessory organs occur in front of the anus, and extend over 
a space about twice as long as the tail; each organ is situated on the posterior side 
of a transverse chitinous ridge extending one-fourth the distance round the body. 
The anterior two or three and the posterior one of these organs are smaller than the 
others ; they are equidistantly placed, except the posterior, which is removed some- 
what from its fellows. Oblique copulatory muscles are found co-extensive with the 
accessory organs and the crenate ejaculatory duct. The testicles occupy the 
middle third of the body. There are two pairs of ventrally submedian papille, also 
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innervated, on the anterior third of the tail, the posterior pair being near the end of 
the anterior third and the other pair half-way between that point and the anus. 
There are other papillee (?) faintly visible on the dorsal side of the tail and elsewhere. 


Hab.— Roots of plants, damp soil, Moss Vale, New South Wales. 


84 


; B DEI 7en 2S unbe : . . 
13. M. longicaudatus, n.sp. 33-97-32 37-19 '6te19mm. Behind the nerve-ring the 


neck is conoid; but anteriorly it becomes slightly convex-conoid. The small elliptical 


lateral organs are placed close behind the outer 

a@, mouth. 

b, labial papilla. 

c, lateral organ. 

d, dorsal tooth. 

e, excretory pore. 

J, nerve-ring- 

gy, pharynx. 

h, pharyngeal muscles. 

i, J, esophagus. 

k, cardiac region. 

/, intestine. 

m, labial papilla. 

n, lateral organ. 

0, ovum. 

p, dorsal tooth. 

q, pharynx. 

r, egg with shell. 

8, vulva. 

t, blind end of posterior ovary. 

u, bend in ovary. 

v, anus. 

w, three caudal glands. 

x, one of two papillze on the end 
of tail. 

y, outlet for caudal glands. 


row of papille, their long diameter being placed 
transversely ; when seen in profile they appear 





as slits from which a process is seen to pass 
inward and backward. The pharynx, which is 
three-fifths as wide as the head and three times 
as long as wide, bears a rather small dorsal 
tooth near the middle, and very inconspicuous 
rudimentary projections on the ventral side. 
The vestibule is shorter than usual. The ceso- 
phagus is three-fifths as wide as the neck, its 
lumen being conspicuous because of the thick- 
ness of the chitinous lining. ‘The cardia is 
large and- well developed, and the intestine, 
which is four-fifths as wide as the body, is com- Ae tala TA De 
posed of cells of such a size that about twelve IL, side view of head of same worm ; IIT, ventral 


- R : view of head of same worm; IV, end of tail of sume 
are required to build up the circumference. worm. 





The concave-conoid rectum is as long as the anal body-diameter. The lateral 
fields are one-seventh as wide as the body. The tail tapers most rapidly in the 
anterior half ; posteriorly it is one-fifth as wide as at the anus. The reflexed ovaries 
extend half way back to the inconspicuous vulva and each contains fifteen to twenty 
egos arranged about three abreast. The eggs are one and one-half times as long as 
the body is wide and one-half as wide as long. Segmentation appears to begin before 
the eggs are deposited,—at least in one case I observed an egg that had formed the 
first two blastomeres while yet in the uterus. 


Hab.—Blanched part of celery, abundant, Sydney, N.S.W., Australia. 


14. M. truncatus, Bastian, 2722+ © 
third as wide as the head, the blunt dorsal tooth being situated near its middle. 


The intestine is three-fourths as wide as the body and the rectum is two-thirds as 


176mm. The elongated pharynx is one- 


long as the anal body-diameter. Tail in the anterior two-thirds conoid, thence 


2, 257) a 2.92; 
9 9 


; 2mm The male tail 





cylindrical and one-fourth as wide as at the anus. = 
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is more slender, the posterior two-thirds being cylindrical and only one-sixth as wide 
as at the anus. A ventral row of eighteen or nineteen equidistant papille or 
accessory organs is found just in front of the anus. The low post-anal papille are 
arranged as follows: 1, near the anus a pair of ventral submedian ; 2, near the other 
end of the anterior third of the tail another pair of ventral submedian; 3, on the 
middle third of the tail three dorsal; 4, on the terminus two. The two equal 
setaceous spicula are about half as long as the tail, their distal halves being arcuate 
and their proxime cephalated by slight expansion. The two slender accessory pieces 
are parallel to the spicula and two-fifths as long. 


flab.—Among moss and aquatic plants, and in mud and sand near by, Western 
Europe. 

15. M. microstoma, Bastian. 4,35 37°¢ 25mm. The labial papillee of the inner 
row are the larger. The dorsal tooth is located a little in front of the middle of the 
elongated pharynx and is opposed by transverse chitinous ridges on the wall of the 
ventral side of the cavity. There are also small teeth at the base of the pharynx. 
The intestine is two-thirds as wide as the body and the rectum is one-half as long as 
the anal body-diameter. The anterior fourth of the tail is conoid; thence it is very 
narrow to the slightly swollen terminus. The form of the male is similar to that of 
his mate. There is a ventral row of twenty pre-anal papillee, and three ventral, as 
well as some lateral, post-anal ones. The slender spicula are bent at a blunt angle. 
The accessory piece is slender and much shorter than the spicula. Oblique copula- 
tory muscles appear to be present. 


Hfab.—F¥ resh soil and fresh water, Holland, common ; England. 


. . 2°79 14:8 50° 93° . . . . ae 
16. M. fovearum, Dujardin. ;;~; 3-7 25mm. This species is insufficiently 


known. 


Flab.—F rance. 


Genus CHROMADORA, Bastian. 


pen 2282s 20" 48") 84° . 
1. C. minima, nsp. 33-33 a3 a8 39 ¢™™. Is the formula found from the measure- 





ments of the only two specimens seen, both immature females. The cuticle is 
traversed by very fine transverse striz resolvable with the highest powers of the 
microscope into rows of dots. The cylindroid neck is capped by a truncate head 
bearing on its outer margin six spreading sete, each about one-sixth as long as the 
head is wide. The number of lips appears to be twelve, as indicated by the number 
of longitudinal ribs round the mouth opening. The spiral lateral organs are situated 
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a trifle behind the bottom of the pharynx; each is a spiral one-fourth as wide 
as the neck, the right being a left-handed spiral of two turns, and the left being a 
similar right-handed spiral. The pharynx differs somewhat from that of the typical 
Chromadora as known to me, and this has led me to believe that it will soon be found 
necessary to re-group the species of this genus, and possibly to create new genera for 
the reception of some of them. Roughly speaking, the pharynx has the form of a 
triquetrous pyramid. The dorsal tooth is situated somewhat behind the middle of 
the pharynx, and when seen in profile appears to be arched over near its apex by a 
process above it. Opposite the dorsal tooth occurs a ventral projection somewhat 
resembling a rudimentary tooth inverted. The animal is so very small that these 
particulars can only be made out with high powers. There are no eyes. The 
cesophagus is one-half as wide as the neck and ends posteriorly in a spheroidal 
swelling two-thirds as wide as the neck. The cardiac constriction is very deep and 
conspicuous. The intestine is two-thirds as wide as the body, and its cells contain 
granules of various sizes. The conoid rectum somewhat exceeds the anal body- 
diameter in length. The anus is much depressed. The tail tapers very little, being 
one-half as wide at the apiculate terminus as at the base. Caudal glands are present. 
The vulva projects somewhat. Two sketches of this Chromadora are given on 
PP xocx vir 


Hab.—Soil about the roots of banana plants, Fiji, July, 1891. 


C. Muse, n.sp. says s~C The cuticle has much the same structure as in 
C. minima. The cylindroid neck is surmounted by a rather truncate head bearing 
no sete, or such that they escaped observation with very high powers. The 
spiral lateral organs are placed opposite the middle of the pharynx, each being 
one-fourth as wide as the head; the right-hand organ is a left-handed spiral of two 
turns and the left-hand organ is a similar right-handed spiral. The approach to the 
pharynx is cyathiform and ribbed as is usual in this genus. The pharynx is somewhat 
irregularly elongated and the dorsal tooth small and so situated that its blunt apex 
is somewhat further back than the lateral organs. The cesophagus is slightly 
expanded to receive the pharynx, but through the greater portion of its length it is 
only one-third to one-half as wide as the neck; posteriorly it expands to form a 
prolate bulb three-fourths as wide as the base of the neck. The nerve-ring is narrow 
and somewhat oblique. Nothing was seen of the ventral excretory organ or its pore. 
The intestine is two-thirds as wide as the body. The tail is conoid to the apiculate 
terminus. Three sketches of this worm, which is of about the same size as C. mznzma, 


are given on Pl. xxxvu. 


H[ab.—-Found in soil about the roots of banana plants, Fiji, July, 1891. 
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Genus DIPLOGASTER, Schultze. 


The genus Diplogaster is composed of free-living forms, not marine, characterised 
by the possession of a large pharynx armed with one or more teeth, and an 
cesophagus with two well developed bulbs. If only one tooth is present it is 
dorsal ; if more than one, then the larger may be dorsal and the others subsidiary, 
or more often all may be small and basal. The average dimensions are indicated 
by the following formule ge Ee tum pee a *3 tmm The cuticle 
is commonly transversely striated, though apparently sometimes not, and moreover 
presents longitudinal striations or perhaps more properly speaking wings, some- 
times to the number of forty, of which those on the lateral fields are usually more 
prominent, they being the only ones that continue far on the tail. Both these sorts 
of markings are often resolvable into rows of dots or circles. The only hairs thus 
far observed on the body are the cephalic setze seen on a few species, and those on 
the male: these latter are doubtless tactile and partake more of the nature of papillie 
than of ordinary hairs; their arrangement and grouping will presently be described. 
The papilla-like cephalic sete number four, or possibly six, and are always small and 
very inconspicuous ; they are situated somewhat behind the outer border of the 
truncate head. The lips, three in number, are sometimes single and sometimes 
double, and are supplied with papill, usually six, arranged around the mouth. The 
entrance to the pharynx is usually wide and is often striated longitudinally. The 
proportions of the pharynx vary much and serve very well to characterise the 
different species ; sometimes the pharynx is shallow and cyathiform, and sometimes 
long and triquetrous. The variation in the armature of the pharynx is no less 
remarkable. Some species possess a single large dorsal tooth whose apex is directed 
forward and situated near the centre of the pharynx, while other species possess but 
a small or even rudimentary dorsal tooth ; yet other species seem to entirely lack a 


dorsal tooth, and present instead a number of small teeth at the very base of the 
pharynx. 





The cesophagus invariably possesses two well developed bulbs and sometimes 
three: of these the spheroidal median is the most conspicuous, being supplied with 
powerful radial muscles; the more elongated cardiac bulb is second in importance and 
is also supplied with well developed radial muscles ; the pharyngeal bulb is the least 
conspicuous and is in fact nothing else than the expansion due to the presence of 
muscles attached to the parts of the pharynx. Of the intermediate tubular parts of 
the oesophagus, that between the pharynx and the median bulb is usually about half 
as wide as the conoid neck and twice as wide as the other,—that between the median 
and cardiac bulb,—and much less flexible. Some species possess a marked power 
of contracting and extending the neck; in the contracted state the intestine 
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forms a shoulder in the cardiac region. Eye spots are unknown in the genus. 
The oblique nerve-ring encircles the cesophagus just behind the median bulb. The 
ventral excretory pore lies somewhat behind the nerve-ring. Lateral organs have 
been observed in but few of the species but this is doubtless due to insufficient care in 
observation; no doubt they exist in all the species. Where they have been observed 
they have been found to be placed opposite the pharynx and to be more or less elon- 
gated or elliptical in form and to have their long diameter placed longitudinally. 
In one species a glandular organ seems to exist in the cesophagus and to empty in the 
neighbourhood of the dorsal tooth. The intestine is usually thin-walled and ends in 
a rectum of the usual conoid form, 


The female sexual organs are usually double, symmetrical and reflexed, but 
in two species are single and reflexed. The tail is invariably conoid and is usually 
exceedingly slender in its posterior part. Caudal glands of the usual form are 
absent, there being no terminal pore or spinneret. There are, however, on the 
tail of both sexes, commonly in front of its middle point, two lateral pores, one 
on either side, which are in my opinion the outlet of unicellular glands situated 
near the anus. These pores and glands exist also in the genus /hadditis. 
Whether they are the morphological equivalents of the tail-glands in other genera 
I am not certain. It would seem that they cannot at any rate serve the same 
purpose as the ordinary arrangement as exhibited in Péectus and many other 
genera. The male has but one testicle, which is invariably reflexed near the 
extremity. The two arcuate spicula are equal in size and are elongated or linear 
‘and generally acute. Their proximal ends are usually cephalated by expansion ; 
accessory pieces parallel to the spicula are usually present. The peculiar papilla 
found on the tail of the male are divided into three groups of three each, a grouping 
first made plain through the observations of Dr. Biitschli. The full complement of 
papille is not always present, or at least has not always been made out ; when how- 
ever one or more pairs are absent, their position appears simply to stand vacant, and 
their absence does not much affect the position of those remaining. The first group 
may be described as the pre-anal group, and its members are ventrally submedian, or 
the posterior one may be lateral; they are situated opposite to, or in the neighbour- 
hood of, the spicula. The second group is post-anal and the members of it are often 
more widely separated than those of the pre-anal group, the anterior pair being 
usually ventrally submedian or even subdorsal. The posterior pair of the second 
group frequently lies farther back than the papille of the third group. The latter, 
also post-anal, are placed close together on the submedian line near where the tail 
diminishes most rapidly in size. In shape the papillee resemble hairs, and, in fact, 
may be such, but with a special function. Those of the third group, however, 


are different, being often more like ordinary papille in structure. No other 
KE 
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supplementary male organs are known in the genus except papille of another 
character near the anus. 


There is an interesting dorsal organ on the head,—of unknown significance. It 
will be noticed in the description of the species in which it has been observed. 


Keay. 


Pharynx with one or two large teeth. 
Tail end (female at least) encircled by a few conspicuous rings...... ..........06+ . Ll. viviparus. 
Tail end not so encircled. 
Length of the female not exceeding 1: mm, 
Body slender (little more than 2°6 %); neck long (23° %) ........... eae 2. parvus. 
Body not so slender (3 / and over) ; neck shorter (15° % to 22° %). 
Female sexual organs asymmetrical (single). 


Gisophacusell Giese ee erea eerie see: re sO sea oswe Ses eae 3. monhysteroides. 
Giisophiagus: 20Gb samawasasstatelscce nce sean vereslemeneincet enon atceteene seer eee 4. minor. 
Female sexual organs double and symmetrical. 
Reflexed ovaries crossing each other..........0...sccecee ceeeneee oe 5. filicaudatus. 
Reflexed ovaries not crossing. 
C&sophagus swollen just behind the pharynx................ 6. australis. 
Cisophagus not so swollen, 
Body “4mm Ong s.ccscessecctas oo cesr acess ee doecnearcases: 7. minima. 
Body ‘75 mm. long...... ~“Agcnn danidt.lago mdobpooupodbdnsen one 8. graminum.* 
Length of the female 1:5 mm. or more. 
Throat or pharynx with two equally well developed teeth................6. 9. fluviatilis. 
Throat or pharynx with only one well developed tooth, 
Tail about half as long as the WOrM.............esecccesecececeeereenes « 10. trichuris. 
Tail about one-third as long as the WOrm............cceeeceeseeeeeeeeece 11. striatus. 
Tail about one-seventh (15 %) as long as the worm. 
IBY MEGS ani th geese fea: aor eendoescacnobecdstecacoscnasees, ceqcaciorin soe 12. macrodon. 
Den gthy 2 Go22: Simms. mayssascicecscetdsecete sce fase tetas ice 13, rivalis. 


Pharynx with only much less well developed teeth at the base, 
Hemaleysexual organs single, asymmetrical... .cnscceccceresseeccee-eeeenceeesrcianenacener 14. gracilis. 
Female sexual organs double, symmetrical. 
Throat or pharynx shallow (half as deep as wide). 
Idpsidishinetrs pharynsmob Striated. weranekesccsesces stent adeeeeerseness ane 15. inermis. 
inpshindistinet. pharynx istriated a .sk <2 secpe se ese erences eseeeodecee settee 16. similis, 
Throat or pharynx as deep as wide, with small teeth at the base, 


Length exceeding 1:mm. 


Tail nearly one-third (30 %) as long as the worm..........-.......6005 17. longicauda. 
Tail only one-fifth (16 to 20 %/) as long as the worm. 
NC Le ree ae oc char conc uceacocnoghc 26 anuGUR dante rac ER EBROP ep eracacac seo 18. filrformis. 
Widthrexceedingliiir/cermrcausadtneteter coe oosssce ichiede no eearriens 19. albus, 


* The unknown female of graminum is assumed to have double and symmetrical sexual organs not crossing. 
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Key to tHe Mates Descripep. 


IPhanynixwithitwoularcres beetlenn cmc teecssancsacit incites emesteiceeasiaideast naceteNefeecteieelelslecteteit 9. fluviatilis. 
Pharynx with only one large tooth. 
RS] OLA IEN Ai iel 4 Woh, Za eeganaccet ons Scoasecsoda0 adeosde acbneqoor oon cos, paandactinedeoaeonocdsepTosagondd 18. filiformis. 
Spicula not exceeding the anal body-diameter in length. 


TEIoP AINE JURE EN gcoaciqoten opppaccucooeconpEuenODnS won ecoDudKebacs sonmeySobHOT “seepsode 12. macrodon. 
Proxime cephalated by constriction, not furcate..................... Sggsasethecoebe 16. similis. 
Proxime neither cephalated nor furcate................2+006 Pr aconecenacet errno 8. graminum. 
Spicula exceeding the anal body-diameter in length. 
ALE HOTZ OREO) sab snoece sasnsbeccoou sons Snob uEnaoDSos cod ocodobas7ESDGoros4 Soe DonCOHDEMADS 10. trichuris. 
Tail 30 % or so. 
lela ymaerer ll Wwereidel LeASHll. coo coocosenoscon|No Aud due dob EAS coBaonSnsoDsOycASoacodouRCE 6. australis. 
Pharyngeal tooth not basal. 
Bodyslongitudinalliys striated enn asriaccaccceerccmeesecece rs ssrceerise rene = 11. striatus. 
Bodyanotsonstmated cece sep cee pari eeer etree eres tect areas rea 2. parvus. 


Tail about 15 % or 20 Y. 
Length not exceeding 1 mm. 


Proxim of the spicula geniculate.... .......... .....2-..-esseeeeceene oe 17. longicauda. 
Proxime of the spicula not geniculate. 
Throat or pharynx with a well developed tooth......... ........ 7. minima. 
Throat or pharynx with no well developed tooth................. 14. gracilis. 
[LGA GHENT, Sootecochoscacepeacegnaapnn eos osbadenocassHabnnonsbnonboacopogsendoas 13. rivalis. 


ee ° Abt, 142) -50=" 86- : 
1. D. viviparus, von Linstow. {7-37-3713 18m Cuticle finely transversely 


striated. In front of the anus three, and on the anterior third of the tail five, 
prominent rings encircle the body. On the ventral side of the hindermost of these 
rings occurs a circular organ with a circular centre, the whole beimg as wide as the 
tail at that point. Head truncate, but with a broad projection at the mouth ; sete 
none ; lips uncertain ; pharynx as deep as the head is wide and two-thirds as wide as 
the head, constricted in the middle, with some teeth of unequal size at the base ; 
pharyngeal swelling elongated, tapering behind; median bulb considerably behind the 
middle of the neck; posterior swelling much elongated, tapering anteriorly; tail 
conical, tapering from in front of the anus; caudal glands none; viviparous; embryos 
slender, without the chitinous structure on the head. 


Hab.—Water plants, Germany. It is perhaps questionable whether this is a 
Diplogaster. 

2. D. parvus, n.sp. Female unknown. eS ea mm. Neck conoid; head 
truncate, with six lips, each with one papilla; pharynx elongated, crooked, anterior 
part wider, the tooth appearing as a prominence and without a distinct and projecting 
apex ; cesophagus slender, the anterior part being only one-third as wide as the neck ; 
bulbs one-half as wide as the neck; intestine three-fourths as wide as the body ; 
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position of the excretory pore unknown ; two wings on the lateral field separated by 
a distance equal to one-fourth the width of the body. The tail is conical, and is arcuate 
‘in the anterior part. The anus is rather prominent. The two equal elongated- 
cuneiform acute arcuate spicula slide in an accessory piece having a backward- 
pointing somewhat hook-shaped process, which if straightened out and extended 
forward would reach nearly to the proxime. The male papille are finger-shaped 
and are arranged as follows : 1, a sublateral pair as far in front of the proximal ends 
of the spicula as the latter are in front of the anus; 2, one submedian pair just in 
front of the proxime; 3, one subventral pair just in front of the anus; 4, one 
submedian pair as far behind the anus as the first pair mentioned above is in front 
of it; 5, and finally, a ventral post-anal group (two pairs?) twice as far from the 
anus as those last mentioned. All these details, as well as many others, are set forth 
on Pl xxxix. 


Hab.—On decaying outside sheaths of young banana plants, Fiji, July, 1891. 

3. D. monhysteroides, Biitschli. } ~—}—3;-; 7mm. The neck diminishes more 
rapidly than in f/icaudatus ; it resembles that species, however, in the structure of 
the pharynx, except that the pharynx of monhysteroides is somewhat narrower. The 
female sexual organs are asymmetrical, there being, however, a posterior sterile 
branch reaching nearly to the anus. 


F[ab.—This species, which much resembles the f/zcawdatus of the same author, 
was found with that species in cow-dung, Germany. 


20 
: 16 13" 20: ‘49 63° : 
4. D. minor, n.sp. ~7-a9 39-322 3mm No markings were observed on the 


euticle, which was without hairs as well. A three-lipped truncate head surmounts 
the conoid neck. ach lip bears a setose papilla. The pharynx is about as deep as 
the head is wide, and in its widest part is half as wide as the head; the single large 
acute dorsal tooth springs from the base of the pharynx and extends nearly half-way 
to the mouth. The cesophagus does not expand to receive the pharynx but assumes 
immediately a width three-fifths as great as the neck and so continues to the ellip- 
soidal median bulb, which is three-fourths as wide as the neck; behind the median 
bulb the cesophagus is narrower, passing through the nerve-ring with a width one- 
third as great as that of the neck but expanding finally to form a bulb somewhat 
smaller than the median bulb. The intestine, which is separated from the cesophagus 
by a distinct cardiac constriction, is rather coarsely granular, and ends in a rectum 
having a length equal to that of the anal body-diameter. The conical tail is exces- 
sively fine near itsend. No caudal glands were seen. The reflexed part of the ovary 
extends nearly half-way back to the inconspicuous vulva. The rather thick-shelled 
eggs are a little more than twice as long as the body is wide, and one-third to 
one-fourth as wide as long, being, therefore, of such a large size that the uterus will 
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contain but one at a time. I do not know whether segmentation begins before the 
egos are deposited. Male unknown. Figures of this species are given on Pl. xxxrx. 
along with those of D. parvus. 


Hab.—On decaying outside sheaths of young banana plants, Fiji, July, 1891. 


. ss : 2°(2) 2 13° ‘50’ 68° 2 s 
5. D. filicaudatus, Biitschli. [Q—-7—p Sy rmm. Neck conoid ; cephalic setz 


apparently four ; pharynx nearly as deep as the head is wide, and more than one-half 
as wide as the head; dorsal tooth projecting and thumb-shaped, reaching nearly to 
the middle of the pharynx; near the bottom of the pharynx two small submedian 
teeth. The uterus appears never to contain more than one egg at a time. 


Flab.—Cow-dung, Germany. 


. MAr 2s) S75 ia £40:") az oO 
6. D. australis, n.sp. =—s7-3— 33-3 mm. [ cannot state positively whether 


this female is not the mate of that described later on under the name LD. gvaminum. 
They were found together and have the same proportions, but there are marked 
differences in the structure of the pharynx in the two specimens. In the present 
species the cuticle is finely transversely striated. The pharynx is twice as deep as 
wide, being simply deeply cyathiform in shape, and two-fifths as wide as the head. 
The dorsal tooth is simple in character and extends half-way to the lips. Just behind 
the pharynx the cesophagus is somewhat swollen, its greatest width in this part being 
considerably less than that of the ellipsoidal median bulb, which is four-fifths as wide as 
the middle of the neck. The posterior bulb is longer and narrower than the median. 
Between the pharyngeal and the median bulbs the cesophagus is two-fifths as wide as 
the neck, but between the median and cardiac bulbs it is only one-third as wide as the 
neck. The intestine is very narrow at first,—only one-fourth as wide as the body,— 
but soon becomes three-fourths as wide as the body. The narrow rectum considerably 
exceeds the anal body-diameter in length. The reflexed ovaries reach nearly back to 
the vulva and contain numerous ova arranged in several rows. The eggs are twice 








as long as the body is wide and one-third as wide as long. The tail is conoid, being 


setaceous in the posterior half. 
F{ab.—Grass, Sydney, New South Wales, Australia. 


Ate 2-17-22: 14378 68: are itudi 
7. D. minima, n.sp. S—aS s tmm. «= The cuticle is traversed longitudinally 





by about fourteen equidistant striz or wings, so arranged that one of them does xo¢ 
fall on a lateral line, resolvable into dots ‘7p apart, thus indicating the presence also 
of about six hundred transverse strixv. Neither sete nor lateral organs were seen. 
The triquetrous pharynx is about one-fifth as wide as the head; the dorsal tooth 
is elongated and projects but slightly, although its apex approaches to near the 
lips. The ellipsoidal median bulb is two-thirds as wide as the neck, the cardiac 
bulb being, as usual, somewhat smaller and weaker. The transparent thick-walled 





270 Macrteay Memoria Vouume. 


intestine is two-thirds as wide as the body, its cells containing coarse granules. 
The cardia is deep and the cardiac cavity is distinct. The anterior half of the tail is 
conoid, the posterior half setaceous. The reflexed ovaries reach nearly to the slightly 
projecting vulva. The thin-shelled eggs are two-thirds as long as the body is 


wide and two-thirds as wide as long, and begin segmenting while in the uterus. 


17 17-23 Mt 79: 


= se as 9730 mm. The anterior two-fifths of the male tail is conoid and ventrally 
arcuate ; thence it is setaceous. The anal region is slightly elevated. Of the male 
papillze at least all three pairs of the closely approximated third group and four other 
pairs are present. Of these latter four, three pairs occur opposite the middle of the 
spicula, two being ventrally submedian and close together, and one lateral, slightly 
farther back ; the fourth pair—lateral—is as far behind the anus as the foremost of 
the other three is in front of it. The closely approximated three pairs, situated where 
the tail suddenly narrows, are associated with a slight ventral swelling. The spicula 
are linear, gently arcuate and nearly twice as long as the anal body-diameter. The 
slender accessory pieces are somewhat sigmoid in form, their internal ends turning 
forward, while their opposite ends are applied to the distal parts of the spicula. * Only 
a small portion of the testicle is reflexed. The testicle and vas deferens are of about 
equal length. 


Hab.—Decaying outside sheaths of banana plants, Fiji, July, 1891. 


= 35 
. x .15 9° 15°83 ‘WM 69. . O 
8. D. graminum, n.sp. Female unknown.* ‘{-—y3-s9-sa—33 mm. The cuticle is 





marked transversely by very fine striz. The pharynx is as deep as the head is wide, 
and, when seen in profile, appears much narrower in its posterior half than in its 
anterior half because of the presence in the posterior part of the large and pointed 
dorsal tooth ; anteriorly the pharynx is half as wide as the head. The ellipsoidal 
median bulb is two-thirds as wide as the neck and is less elongated and more pro- 
nounced than the posterior bulb. The tubular part of the cesophagus is rather uniform 
in diameter, the anterior half being but little wider than the posterior half. The 
ventral excretory pore is situated somewhat nearer the cardiac than the median bulb. 
The granular intestine is three-fourths as wide as the body. The anterior fifth of 
the tail is ventrally arcuate and conoid; thence onward it is setaceous. The arcuate- 
cuneiform spicula are equal to the anal body-diameter in length and are supplied with 
arcuate accessory pieces half as long. These latter are slender and make a slight 
angle with the spicula. Six pairs of papille were seen: 1, a ventrally submedian 
pre-anal pair opposite the proximal ends of the spicula; 2, a ventrally submedian 
pair somewhat behind thé anus; 3, three approximated submedian pairs somewhat in 
front of the place where the tail becomes rather suddenly setaceous; 4, a dorsal pair 
(or only one, | am not positive) somewhat behind the three pairs just mentioned. 


Hab.—Grass, Sydney, New South Wales, Australia. 


* See, however, D. australis, p. 269. 
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: er 14° 50” 89° . 2 
9. D. fluviatilis, de Man. $44} 18mm. Cuticle very finely transversely 


striated ; neck conoid, diminishing much; cephalic sete two, lateral; lateral organs 
small clefts, alike in both sexes; pharynx with two large teeth of equal size, both 
edged and pointed and crossed when at rest, in the living state continually biting 
together; wall of the pharynx in front of the teeth longitudinally striated; portion 
of the cesophageal tube behind the stout median bulb two-thirds as long as the 
remainder; tail conical to the hair-fine terminus; oviparous. 7-7-7 13m. With 
the exception of two small pairs near the middle of the tail, all the male papille are 
bristle-shaped. The bristle-shaped papilla are arranged as follows: one pair sub- 
median just in front of the anus, one pair lateral just in front of the anus; one pair 
submedian a little behind the anus, one pair submedian near the middle of the tail, 
one lateral pair between the two pairs last mentioned, and, finally, one lateral pair 
far back. Spicula stout, plump, arcuate; accessory pieces long, rod-shaped. 


Hab.—Found in water, Holland ; less common than 2. vzvalis. 


10. D. trichuris, n.sp. 
tudinally by about forty wings and transversely by numerous striz. The convex- 
conoid head bears four very short and inconspicuous spreading submedian cephalic 


Basin 
ED 


ag pl rey 
oF 


331-13 13mm The cuticle is traversed longi- 





setze arranged opposite the apex of the conspl- 

; 3 0 a, labial papilla. 

cuous dorsal tooth. Six labial papillae surround bs cephalic Tae 

c, one of the ribs of the pharynx, 

d, lateral organ. 

e, median bulb. 

J, nerve-ring. 

g, exeretory pore. 

h, cardiac bulb. 

z, 1, dorsal tooth. 

Jj, salivary gland (?). 

k, pharynx. 

1, organ of nnknown function. 

m, reflexed blind end of testicle. 

n, proximal end of spiculum. 

0, 0, anterior group of male 
papille. 

p, preanal ventral papilla. 

4 % q, Median group of male 
papille., 

7, Supposed outlet of gland. 

s, posterior group of male pa- 

illee. 

t, hind end of testicle. 

u, ejaculatory duct, 

v, anus. 

w, anus, female. 

x, gland (?), 

y, outlet of same. 







the mouth-opening, which is longitudinally 
striated inside and supported by longitudinal 
ribs. The elongated-elliptical lateral organs, 


Son a8 
Eo 





one-eighth as wide as the head, are situated 
parallel to and opposite the middle of the 
pharynx. This latter is narrow, bemg only 
one-fourth as wide as deep, and contains a single 
large hamate dorsal tooth whose apex is nearly 
on a level with the lips. This tooth is so large 


fea 


So 


as to pretty well close up the mouth opening. 
All the organs in the neck are quite typical. 
The ellipsoidal median and cardiac bulbs are of 
nearly equal size: though the cardiac if any- 


thing is the larger, the median is manifestly ai ~~ z, terminus. 
the more perfectly developed; they are two- Fic. 3.—I, male Diplogaster trichuris ; II and 


: II], head and anal region of the same, more highly 
thirds to three-fourths as wide as the neck. magnified; IV, anal region of the female of the 
Same worm. 


The portion of the cesophagus between the 
pharynx and the median bulb is one-half as wide as the neck and about twice as 
wide as that part between the two bulbs. The intestine is two-thirds as wide as 
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the body. The conoid rectum is one and one-half times as long as the anal body- 
diameter. The reflexed ovaries extend back nearly to the inconspicuous vulva. 
The position of the ventral gland remains unknown, but the ventral pore, its outlet, 
is situated just behind the nerve-ring. Two lateral glandular organs occur opposite 
the rectum, each emptying through a lateral pore near the middle of the thicker conoid 
anterior part of the tail. Inside the cesophagus, too, a gland appears to exist and to 
empty its secretion into the pharynx in the neighbourhood of the dorsal tooth. A 
dorsal organ occurs on the head, at least of the male; this I have figured. Its 
function is a mystery to me; I can only suggest that it is a special male organ of 
some sort, my reasons being briefly these -—1. I observed it only on the males ; 
nevertheless as I have seen but few females it may have been present on their heads 
and have escaped me. 2. Oerley has described a “lateral organ” as existing only on 
the male of his macrodon. Is this not perhaps the same organ that I have observed ? 
I think it more than probable. These reasons are not a sufficient basis for a pronounced 
opinion, but they will serve to call particular attention to this organ in future. The 


a 33 
v ‘8 9° 13:6 <M 57° Oy . . . 
male formula is as follows. {s353s3s——5 127mm. The tail is similar in form to that 





of the female. Beside the full complement of nine pairs of finger-shaped papille there 
is a pair of low ventral papille just in front of the anus. The nine pairs are arranged 
as follows: 1, two closely approximated submedian pairs opposite the middle of the 
distal half of the spicula; 2, a sublateral pair a little farther forward than the low 
ventral pre-anal pair mentioned above ; 3, a submedian pair just in front of the pores 
forming the outlet of the lateral caudal glands, or in other words just behind the 
middle of the conoid part of the tail; 4, three closely approximated subventral pairs 
just in front of where the tail diminishes rather suddenly and becomes setaceous, or 
in other words near the end of the conoid part of the tail; 5, a subdorsal pair some- 
what behind the three pairs just described. The linear spicula taper gradually, but 
not uniformly, to a slender point; the proximal parts are narrowed also. The accessory 
pieces are half as long as the spicula and are arranged parallel to them. Only a small 
portion of the testicle near the blind end is reflexed. The testicle has about the same 
length as the neck of the worm and occupies a position half way between the cardiae 
region and the anus. The vas deferens is of somewhat smaller diameter than the 
testicle and is connected with it by a narrow passage. The ejaculatory duct is 
apparently quite short. 


Hab.—Grass, Sydney, New South Wales, Australia. 


11. D. striatus, Biitschli. /;%°°"4 15mm. The cuticle is traversed longitudi- 


nally by about forty striz ; head rounded-truneate near the mouth, with apparently 
four setz ; lips scarcely to be detected; pharynx two-thirds as deep as the head is 
wide, longitudinally striated anteriorly, containing two very small submedian teeth at 
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the base, and one well-developed and projecting dorsal tooth extending three-fourths 
the distance to the lips; according to Biitschli, excretory ducts on both sides of the 
body; uteri containing but few eggs; oviparous; male tail convex-conoid for a distance 
equal to twice the anal body-diameter, being at that point as wide as the spicula and 
continuing conoid to the exceedingly fine terminus ; two pairs of pre-anal papillee, 
one opposite the proximze and the second opposite the middle of the spicula, both 
submedian ; post-anal papillae, two pairs submedian opposite the anus, two pairs 
submedian near the middle of the large part of the tail, and the remaining four pairs 
approximated near the commencement of the narrow part of the tail ; spicula linear, 
one and one-half times as long as the anal body-diameter, distal halves only arcuate 
to the acute points ; accessory pieces less than half as long as the spicula. 


ffab.—F ound among decaying masses on the surface of the river Main at 
Frankfort, Germany. 

12. D. macrodon, Oerley. 3343—“54 10mm. Cuticle with about one thousand 
transverse strize; neck nearly cylindrical, convex-conoid near the head; head rounded 
in front ; no cephalic setz ; lips prominent ; lateral organs said to be circular with a 
spot in the middle, nearly as wide as the pharynx, behind the base of which they are 
situated; pharynx irregularly cylindrical, one-third as wide as the head; dorsal tooth 
reaching half-way to the lips, the other two only one-third as long but equally pointed; 
median bulb central, prolate, two-thirds as wide as the neck, somewhat wider than the 
conoid posterior swelling ; the intestine is half as wide as the body and is marked off 
from the cesophagus by a deep and narrow constriction ; excretory pore at 107%, that 
is, somewhat in front of the cardiac constriction ; tail conical from the inconspicuous 
anus; terminus wider than usual, z.¢., not hair-fine; vulva depressed; eggs ellipsoidal, 
as long as the body is wide and half as wide as long; viviparous; reflexed portions of 
the ovaries reaching one-fourth the way back to the vulva. Ea al et tmm. Male 
tail conical, its terminus hair-fine ; papillze as follows : one pre-anal pair, submedian, 
opposite the proximz; one post-anal ventral near the anus; the remainder post-anal, 
of which the first is as far behind the anus as the pre-anal submedian pair is in front 
of it, the second considerably behind the middle of the tail, and the third half-way 
between the second pair and the terminus ; spicula elongated, two-thirds as long as 
the anal body-diameter, their proxime enlarged and apparently furcate. 


ffab.—¥F ound in Hungary. 


: . : Ue Re big ope ie * D E 
13. D. rivalis, Leydig. jgqsae—z-7 25mm The skin is marked by about 


thirteen hundred transverse striez. The truncate head is almost imperceptibly 
expanded. Six long and fine cephalic setze surround the mouth, and in addition the 


male is said to possess a second row of subcephalic sete. The projecting oval lateral 
LL 


274 Macteay Memortat Vouume. 


organs are situated opposite the anterior part of the pharynx and are possessed of a 
horny centre, being smaller in the females and more like clefts. The stoutly built 
pharynx is supplied at the middle with an encircling ring ; in front of this ring it is 
longitudinally striated. The dorsal tooth reaches beyond the ring, and there are one 
or two others near the base of the pharynx. The median bulb is two-thirds as wide 
as the neck, while the cardiac bulb is an elongated swelling, not bulbous. The brown 
and somewhat tessellated intestine is marked off from the cesophagus by a distinct 
constriction ; it is said to be composed of not above three rows of cells. The rectum 
is three-fourths as long as the anal body-diameter. The ventral excretory pore 
occurs at 9%, that is, considerably in front of the cardiac constriction. The finely- 
pointed conoid tail is slightly concave somewhat behind the middle and bears a pair 
of lateral papillee (pores ?). This species is viviparous, the uteri sometimes containing 
a dozen embryos. The reflexed ovaries sometimes meet and cross. The proportions 
of the male are precisely those of his mate, but he is somewhat smaller, usually 
measuring only 2:mm. Papillse as follows: only one pre-anal submedian pair just in 
front of the anus ; three lateral equidistant pairs on the anterior half of the tail 
beginning near the anus; two pairs submedian opposite the lateral three pairs ; two 
pairs subyentral close together opposite the anterior pairs of the preceding two 
groups. The pores (?) found on the female occur also on the male. Spicula slender, 
arcuate, one and one-half times as long as the anal body-diameter. Accessory pieces 
one-half as long as the spicula, slipper-shaped, plump, and nearly surrounding the 
tips of the spicula. Synonym, D. fictor, Bastian. 


Hab.—-Found among fresh-water algze in Western Europe and England. Has 
the habit of becoming suddenly still, as if dead 


38 
ere: ~o : tb) Os) S65: 70° : . 
14. D. gracilis, Biitschli. =a-e— sa -¢- 9m = Neck convex-conoid ; body wider 


in the middle than at the vulva, namely 7:3 °/,; head rounded-truncate ; cephalic sete 
six ; lips six, broad and flat; pharynx cylindroid, composed of several horny pieces, 
with possibly two rudimentary teeth at base; both bulbs elongated, the median 
central, the cardiac weaker ; cesophagus twice, the bulbs three times, as wide as the 
pharynx ; intestine large, thin-walled, forming a shoulder in the cardiac region, 
separated from the cesophagus by a deep constriction so that the collum is only one- 
fifth as wide; cardia broad and distinct; cardiac cavity two-thirds as wide as the 
body and very long; rectum half as long as the anal body-diameter ; tail concave- 
conoid, diminishing in the anterior fifth to a width as great as the head, and thence 
conical to the hair-fine terminus; vulva inconspicuous, with almost invisible radial 
muscles ; vagina one-third as long as the body is wide; eggs same size as median 
bulb; ovary reaching at least three-fourths the way back to the vulva. The propor- 
tions of the male agree fairly with those of the female, but the tail is shorter. Papille 
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as follows: lateral, two pairs opposite the spicula, one opposite the anterior part, the 
other opposite the posterior part ; two pairs submedian close together opposite the 
anus ; three pairs, two submedian and one lateral, just behind the middle of the wide 
portion of the tail ; one pair lateral near the end of the wide part of the tail ; spicula 
very slender, one and one-half times as long as the anal body-diameter ; accessory 
pieces none (?). 


Ffab.—F ound in dung, Germany. 


. : “4 : U4 39° 20" 2) 77-5 . 
15. D. inermis, Biitschli. 73-7 mm. Female only known. Neck conoid; 


head truncate ; cephalic sete six, very short; lips six, large, broad and flat; pharynx 
one-half as wide as the head, eylindroid, one-half as deep as wide, with three teeth at 
base not well developed ; the three bulbs of equal diameter and the median bulb 
central ; intestine at once twice as wide as the bulbs, separated from the cesophagus 


by a distinct constriction. 


ffab.—Found on roots of garlic which had been attacked by insect larve, 


Germany. 


16. D. similis, Biitschli. };}}f 12mm. Head rounded-truneate ; cephalic sete 
six, broad and extremely short ; lips indistinct ; pharynx longitudinally striated, half 
as wide as the head, half as deep as wide, with three teeth at the base, the dorsal one 
somewhat larger; eggs ‘05mm. long. A young male gave the following dimensions : 
eos tm Tail contracting but little at first, but behind its middle point 
becoming conoid suddenly, narrows to a breadth not greater than that of the spicula, 
and continues thence narrow and conical to the hair-fine terminus ; pre-anal setiforin 
papillze as follows : one pair submedian just in front of the spicula ; one pair submedian 
opposite the middle of the spicula. Post-anal papillze as follows : two pairs dorsal 
submedian, one near middle of wide anterior part of the tail (these are perhaps the 
pores), the other where the tail narrows suddenly; three lateral pairs closely 
approximated just in front of the pair last mentioned; one ventrally submedian 
setiform pair somewhat behind the anus; one subventral pair close to anus, not 
setiform ; spicula one-sixth as broad as long, rather blunt, nearly straight, equalling 
the anal body-diameter in length ; accessory pieces two-thirds as long as the spicula. 


Hab.— Unknown to me. 


: - 2 (? ? “4°50” 3 c . 
17. D. longicauda, Claus. jg¢-7-7-—ss-7 1mm. Cuticle transversely striated ; 


head truncate ; cephalic sete six, very short; lips six, distinct, rounded ; pharynx 
eylindroid, half as long as the head is wide, and as deep as wide, its walls divided into 
anterior and posterior parts composed of distinct pieces; teeth three, at the base of 
the pharynx, constantly clapping together ; lateral fields broad; eggs ‘054 mm. long. 


2° (7 ? 154 M = 83: : . ° . ayes 
ey 7753-36 1mm. Male tail convex-conoid to in front of the middle, where it is 








276 Macteay Menmorrat Vouume. 


twice as wide as the spicula, thence conical to the hair-fine terminus ; papille as 
follows, all(?) setose : one submedian setose pair in front of the spicula ; three lateral 
pairs, one opposite the anus, one where the tail suddenly diminishes in size, and one 
half-way between; two ventral submedian rather close together somewhat behind 
the anus; and three closely approximated subventral pairs at the end of the large 
part of the tail; spicula linear, one and one-half times as long as the anal body- 
diameter, posterior two-thirds arcuate, proximal ends geniculate ; accessory pieces 
one-fourth as long as the spicula, and seeming to pretty nearly surround them. 


Hab.—Decaying fungi, Frankfort, Germany. 


18. D. filiformis, Bastian. $2 “5-5 emm. Cuticula marked by about five 


hundred transverse striz, also (?) with longitudinal striz ; head truncate; pharynx 
prismoid, half as wide as the head, deeper than wide, with three teeth at the base ; 
bulbs elongated, half as wide as the neck, the median central; cardiac collum distinct; 
intestine as wide as the bulbs ; rectum two-thirds as long as the anal body-diameter ; 
tail conical to just behind the middle, thence hair-fine. $3-7-ssgs—n1 “™m. Tail like 
that of the female ; spicula could not be detected. 


Ffab.—England. 


19. D. albus, Bastian. $7“. °* “tf comm Cuticle finely transversely striated ; 
Wy y, 


neck conoid ; head truncate ; lips probably six, but very indistinct; pharynx half as 
wide as the head, as deep as wide, with three teeth at the base; median bulb central, 
elongated, half as wide as the head ; cardiac bulb spherical, two-thirds as wide as the 
median bulb and connected with it by a constriction one-fourth as wide as the 
adjacent part of the neck, that is, only half as wide as the anterior part of the 
cesophagus ; cardiac collum distinct ; intestine at once half as wide as the body ; 
rectum as long as the anal body-diameter ; tail conical to the pointed terminus. 
Male unknown. 


Hab.—England. 
20. D. micans, Max Schultze. Insufficiently known. 


21. D. liratus, Schneider (Leptodera tivata). Insufticiently known. 


Genus RHABDITIS. 


1. R. filiformis, Biitschli. (?). I am not certain that this little species, of which I 
have seen only the female, is in reality that described by Biitschli under the name 
filiformis. The specimens seen by me gave dimensions as follows: gptot ie ‘54mm. 


Cuticle plainly but finely transversely striated ; neck nearly cylindrical to behind the 
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pharynx, then convex-conoid to the mouth, which is one-fourth as wide as the base 
of the neck ; lip-region half as wide as the prolate cardiac bulb ; only traces of lips ; 
no sete or papille on the head; cesophagus in the anterior half fusiform and about 
half as wide as the neck, thence narrowing gradually to a tube one-fifth as wide as 
the neck ; cardiac sucking bulb one-half as wide as the neck ; cardiac collum distinct, 
the constriction deep; intestine thick-walled, four-fifths as wide as the body, with a 
thick transparent lining ; cardia small, the cavity large ; rectum narrow, nearly twice 
as long as the anal body-diameter, separated from the intestine by a distinct constric- 
tion; ventral excretory pore somewhat behind the middle of the neck (12°5 %); 
wings of the cuticle nearly as far apart as the opposite sides of the pharynx ; tail 
conoid from the distinct anus, its terminus hair-fine ; near the anus two lateral glands 
which empty through lateral pores at the beginning of the second sixth of the tail ; 
vulva depressed ; vagina very short; reflexed ovaries reaching half-way back to the 
vulva; eggs as long as the body is wide and two-thirds as wide as long. Sketches of 
this little species are given on PI. xxxvi. 


Hab.—Grass after rain, Sydney, New South Wales, Australia. 

2. R. pellioides, Biitschli. (i stormm, Cuticle transversely striated ; 
neck conoid, tapering more rapidly near the head; head truncate; lips six, hemi- 
spherical, each with a papilla; pharynx simple, prismoid, one-third as wide as the 
head ; median and cardiac bulbs powerful, subspherical, two-thirds as wide as the 
neck, the median situated in the middle of the neck ; cesophageal tube in front of the 
median bulb half as wide as the neck, behind the bulb one-third ; ventral excretory 
pore somewhat nearer the cardiac than the median bulb; intestine rather thick-walled, 
three-fourths as wide as the body ; rectum considerably longer than the anal body- 
diameter ; tail concave-conoid ; vulva inconspicuous ; reflexed portions of the ovaries 
reaching half-way back to the vulva; eggs nearly as long as the body is wide and 
two-thirds as wide as long; viviparous or ovoviviparous; lateral pores near the middle 
of the tail. eee omm. Male tail conical, completely enveloped in the bursa, 
which springs from opposite the middle of the spicula; ribs of the bursa nine, in three 
similar rather indistinct groups because the spaces between the groups are not much 
greater than that between the individual ribs of a given group; anterior group just 
in front of the anus, posterior group near the end of the tail; spicula linear, tapering 
gradually from near the proxime to an acute point, more than twice as long as 
the tail; proxime cephalated by constriction. Detailed drawings are given on 
Pl. xxxviil. 


H{ab.—Cosmopolitan ; Europe, Australia, Fiji. I think there can be no doubt 
that this worm recorded now from Australia and Fiji is identical with Biitschli’s 
species. I have found it on fresh grass and on dead sheaths of banana plants. 
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; 1:12: 17: ‘55-59 93-9 : 
3. R. australis, n.sp. (?). iggsag-ae7 34 11mm = Cuticula finely transversely 


striated ; neck conoid, convex anteriorly ; head somewhat pointed, truncate at the 





lips ; lips six, conical, each with a setose papilla ; pharynx simple, prismoid, tapering 
at the base, about one-third as wide as the head and more than twice as deep as wide; 
anterior three-fifths of the cesophagus cylindroid, about one-third as wide as the 
corresponding part of the neck; cardiac sucking bulb ellipsoidal, half as wide as the 
base of the neck, connected with the wider anterior three-fifths of the cesophagus by 
a tube one-fifth as wide as the corresponding part of the neck ; intestine thin-walled, 
four-fifths as wide as the body ; rectum as long as the anal body-diameter ; ventral 
excretory pore just behind the nerve-ring; tail conical; vulva slightly elevated ; 
vagina extending forward half-way to the cardiac region and containing spermatozoa 
near the flexure ; ovary very long, reflexed and extending backward to near the anus ; 
eggs ellipsoidal, as long as the body is wide and two-thirds as wide as long, thin-shelled, 
perhaps deposited before segmentation begins. 


Hab.—Grass, Sydney, New South Wales, Australia. 


40 
ce : 274 13° 20° ‘80° 90° . : 
4. R. monhystera, Biitschli. 4-3-3 7. The cuticula of this cosmo- 


politan species is traversed by about four hundred transverse striz. The posterior 
half of the neck is conoid, the anterior half convex-conoid. The truncate head, devoid 
of sete, is surmounted by six spherical lips having a height equal to one-third the 
length of the pharynx, and each surmounted by a conspicuous projecting papilla. 
The simple cylindroid pharynx is about one-fourth as wide as long. The median 
cesophageal bulb is of about the same length as the pharynx and is one-half as wide 
as the neck; that portion of the cesophagus leading to it is a little more than 
one-third as wide as the neck, and that portion leading from it to the posterior bulb 
is a trifle narrower than that. The prolate posterior bulb is a little wider still than 
the median bulb and contains a distinct chitinous valvular apparatus. The cardiac 
collum is distinct. The ventral excretory pore is situated opposite the anterior part 
of the hindmost bulb. The oblique nerve-ring passes ventrally backward. The tail 
is conical to the pointed terminus. The lateral fields are one-fourth as wide as the 
body. The narrow reflexed ovary extends from one-fourth to one-half the distance 
back to the vulva. Passing round the bend the ova are fertilised and then develop 
in the uterus, those near the vulva being always more advanced than the others. 
oe a *"omm. The tail of the male is conical and pointed ; it is completely 
enveloped by the bursa, which begins opposite the proximal ends of the spicula. 
The ribs of the bursa are distributed in three groups: 1,a pre-anal group of two 
opposite the middle of the spicula ; 2, a post-anal group of three occupying the 
anterior third of that part of the bursa behind the anus; 3, a post-anal group of 
three near the end of the tail. I saw on one specimen what appeared to be a ventral 
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papilla near the middle of the tail. The straight equal linear acute spicula are one 
and one-half times longer than the tail and are barely cephalated by expansion. The 
accessory piece is parallel to the spicula and is one-half as long as they. The reflexed 
portion of the testicle reaches one-fourth the distance back to the anus. The reader 
will do well to consult the drawings on Pl. xxxviu. 


Hab.—Decaying leaves of banana plants, Fiji, July, 1891. These worms are 
common on fresh and living grass, and on celery in Australia. 

5. R. coronata, n.sp. cuit sora ale 36mm. 18 the formula for the only specimen 

? 4 48 52 58 2°8 

seen. The cuticula was striated. The head was surmounted by six (?) conical lips 
each turned outwards. The cylindroid pharynx was about one-tenth as wide as long. 
The ellipsoidal median bulb was one-half as wide as the middle of the neck, and was 
situated half way between the mouth and the beginning of the intestine. The 
posterior bulb was of the same shape as the median, but was about half as wide again. 
Those portions of the cesophagus lying between the pharynx and the median bulb 
and between the median and posterior bulbs were equal in length but unequal in width, 
the latter being of the same width as the pharynx, while the former was twice as wide. 
The cardiac collum was distinct. The intestine was three-fourths as wide as the 
body. The ventral excretory pore was situated a little behind the nerve-ring. The 
latter was oblique, as is usual in Rhadditzs. The tail was conoid to the middle, and 
thence to the hair-like terminus narrow. For further information consult Pl. xxxvumu. 


Ffab.—In humus about the roots of banana plants, Fiji, July, 1891. 


sys 3: 15°6 228 2 856 ee ey ee : 
6. Rhabditis sp. (2). j>g2-3¢3a7-2 ®mm Young worms having the foregoing 


dimensions were abundant between the sheaths of diseased banana plants sent from 
Fiji, July, 1891. The cuticula was traversed by numerous transverse striz. The 
neck was conoid, the head truncate. There were six low lips on which no papille 
could be seen. The prismoid pharynx was one-eighth as wide as long. The anterior 
part of the cesophagus was one-half as wide as the neck, and to it succeeded an 
ellipsoidal median bulb, nearly two-thirds as wide as the neck; thence to the posterior 
bulb, which was of about the same size and shape as the median, the cesophagus was 
not above one-fourth as wide as the neck. The intestine was over two-thirds as wide 
as the body. The tail was conical. Further details with regard to this species will 
be found on Pl. xxxvu. 


Genus MONHYSTERA, Bastian. 


5 A 4 . try26 we, a . 2 . 
M. rustica, Biitschli. $$) 2mm. The cuticle seems destitute of strive. 


The nearly cylindroid neck terminates in a truncate head bearing near its margin 
six spreading sete, arising opposite the base of the pharynx, each one-fourth as 
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long as the head is wide. There are six (?) indistinct papillee inside the row of 
sete. The circular lateral organs are one-fourth as wide as the neck, and are placed 
at a distance from the anterior extremity equal to four times the depth of the simple 
somewhat cup-shaped pharynx. This latter is one-third as wide as the head and leads 
into a cylindroid cesophagus nearly two-thirds as wide as the neck and presenting a 
very slight expansion in front of the distinct and deep cardiac constriction. For some 
distance behind the pharynx the cesophagus is very transparent. The lining of the 
cesophagus when seen in optical section is more or less sinuous. At the beginning, that 
is opposite the cardia, the intestine is somewhat transparent, giving rise at first to the 
impression that some gland-like organ is present here, but careful examination serves 
to dispel the deception. The intestine is two-thirds as wide as the body and is 
composed of cells indistinctly to be seen on account of the multitude of granules with 
which they are filled. The transparent rectum is conoid, and its length is equal to 
that of the anal body-diameter. Nothing was learned concerning either the ventral 
excretory organs or the-lateral fields. The nerve-ring is situated near the middle of 
the neck. The tail is conoid to the terminus, where it is one-sixth as wide as at the 
base. The vulva is depressed. The eggs are twice as long as the body is wide and 
one-fourth as wide as long, and are probably deposited before segmentation begins. 
Illustrations on Pl. xxxviu. 


Hfab.—¥F ound in humus about the roots of banana plants, Fiji, July, 1891, where 
it appeared to be uncommon. It is found also in Western Europe and many parts of 
Australia. 


Genus TRIPYLA, Bastian. 


The comparatively simple and rudimentary Nematodes composing this genus 


- os FIC : 02 19° 53° g6- 
have the proportions indicated by the generic formule jg34-g2-3e—97 *m™m. and 


iscs- 33-35-37 2mm. The species are usually found in moist or muddy soil, though 
one is marine. The cuticle is in most cases finely striated and destitute of any 
conspicuous hairs except the cephalic sete, which apparently vary in number from 
six to ten and are invariably situated on the margin of the head, being in some cases 
so reduced in size as to resemble papille. The conoid neck ends in a head usually 
truncate and bearing three broad flat and inconspicuous lips armed with one or more 
inconspicuous papille. Nothing is known concerning the lateral organs ; they must 
if present be very inconspicuous. There are no eye-spots. A pharynx is altogether 
absent, the mouth opening being on the surface of the head. . The conoid to cylindroid 
cesophagus is sometimes slightly larger near the head; it is separated from the 
intestine, which is one-half to three-fourths as wide as the body, by a distinct 
constriction. The junction of the cesophagus with the intestine often forms a flat 
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bulb-like structure—pseudo-bulb. .. The. rectum.is short, seldom exceeding in length 
the anal body-diameter. Little is known concerning the ventral excretory gland ; 
traces of it have been observed in but one species. In this respect, as well as in 
many others, this genus resembles J/onhystera. The nerve-ring encircles the 
cesophagus squarely some distance in front of the middle of the neck. The tail has 
the same shape in both sexes, namely,..conoid. from the inconspicuous. anus; the 
terminus, which is invariably a trifle-swollen and--often mucronate, gives exit to the 
secretions of the caudal glands,—always present. The female sexual organs are 
commonly double and symmetrically reflexed. What little evidence there is points 
toward the number of testicles being two (—M—). A ventral row of equidistant 
accessory sexual organs occurs on the male and extends forward from the anus 
sometimes to near the head. The two equal cuneiform spicula are straight or 
slightly curved and seldom.exceed the anal body-diameter in length ; they are 
accompanied by small.accessory. pieces. There is no bursa. Probably only a 
discovery of the males of the species sonkystera (and possibly also of avenzcola) can 
determine whether that species is really a member of this genus. 


Key to Tripy3a. 


Cephalic setze none, 7.e., reduced to papille. 
Length about 3: mm., head rounded. 
SIME Copa® LTGCl Cards fORCWOS > oarccn ac aonodosodbescas25005 coon Suds noc HsnsobonoubaSsodusaed 1. salsa. 
SeLiaMine ade COUNPICHOUS meseedaensscesceese sens eee aeeicedens ce Ga taeoearcs se 3600550 2. papillata. 
Length 1:4 mm. to 2°5 mm., head truncate. 
When 1:4 mm. long read 3. affinis. 
Wihent2; Orman son Caren creceret sarees saci as pemeceleseeebe cise eeaseats selciep nce snisis\s 4. glomerans. 


Cephalic setze present, not reduced to papille. 





Female sexual organs asymmetrical. 


Vulva 64%, tail 5 %peccssecececscseeee Copter RestMae afte) SU) sth AW al U8 { 2 earl: 
6. minor. 
WorlivaniOiye taili Oy fo cnactece sc secs es SSAC ACO E CE ESO COTE Marea cnE mrCOS CBAC asleeatechette 7. monhystera. 
Female sexual organs symmetrical. ey, 
abitat: MAINE. /csccerescess sec cecenseeseceses FE ESE Oa ACAD C ercrantormnarnasace ccs 8. marina. 
Habitat not marine. 
Cisophagusi2b) /ore.ccccceseseacs sre 30 sngdsbododedocepensdesda coadoouonbostenasvacsnas 9. intermedia. 
Csophagus little, if any, exceeding 20 %. 
Tail occupying about 20 Y of the length, conoid........................... 10, filicaudata. 
Tail occupying about 15 Y/ of the length, conoid........ ......... 2.2.0. 11. setifera. 


Tail occupying about 10 7% of the length, anterior half only conoid... 12. tenuzeauda, 


Key to tHe Mates. 


Spicula shorter than the anal body-diameter. 
Hab itaibimarine semen sr aasicn-ceakes cts aeee Set yseieaaec- sce Fs too 00% sahil este de scpistiniaaanamnss 8. marina. 
Habitatmotimarin@ ares cos: see cessteetecercesocecseveoreseo> = PREC ER ORRIBORE EC CRUE SECAOD 11. ‘setifera. — 
MM wa 
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Spicula longer than the anal body-diameter..............-sseseeeeeneeseeeeeeeeeeeeeeseeeeeseereeene 12. tenwicauda. 
Spicula about equalling the anal body-diameter in length. 
Sete none. 


AMberior EXtremiby LOUMA EM cejeses\eleieteleelssersc sels cierle/ot locl)a(loleises)lelislsseleelle(selte tr 2. papillata. 
Anterior extremity truncate. 
Accessory pieces one-fourth as long as spicula.............s:seesee eee see een eee ees 4, glomerans. 
Accessory pieces rudimentary.........c.ssseeceeecececerensecaceersererereesesseeaes 3. affinis. 
STG Cia a AREO A Sac epREE ESE ae eaetog Olli con decce nr ar ccgnccetasadnnaqca socsoo cas ssonGdecoecdad acapandsne 10. filicaudata. 
Or, 
Setze 6-10. 
IFMiey Loa eat sty TET Geert rete ett aetstee ete eee lets elate ete eteetavelekeleUdstateteetettatetettatelestaletet= els)sise\stets(ectetieleleitefeeiate= 6. marina. 


Habitat not marine. 


Spicula as long as the anal body-diameter, tail 22 7/.........6 ceeeeseeeeecee eee eeeees 10. filicaudata. 
Spicula longer than the anal body-diameter, tail 9%... ......ceeeeseeseeeee een tere ee 12. tenwicauda. 
Spicula shorter than the anal body-diameter, tail 16 7/........-...ee0eeee ceeeeee es ll. setifera. 
Setze none. 
Accessory pieces one-fourth as long as the spicula .........-+.ssseeeeeeeneeneee cee eee see ees 4. glomerans. 
Accessory pieces rudimentary. 
Bength)3-2)mm:, head rather rounded)... .ceerceen-eracierisncierseen et reeieetiamncse er 2. papillata. 
Length 1:4 mm., head truncate.........:..cceseerseseecesescrcenerteecseesaenecncnencenn es 3, affinis. 


. 0 ao ie oye : s 
1. T. salsa, Bastian. [37-35-3523 217mm. The cuticle is marked by about three 


hundred and fifty transverse striz. The head is rounded im front and bears two 
lateral papilla. The cesophagus is cylindrical ; the intestine is three-fifths as wide as 
the body; rectum half as long as the anal body-diameter. The junction of the 
cesophagus with the intestine is such as to give rise to the appearance of a “collar” 
or pseudo-bulb. The lateral fields are one-fifth as wide as the body. Terminus one- 
sixth as wide as the base of the tail. Male unknown. 


Hab.—Found on roots of Ruppia maritima, in brackish water, England. 





2. T. papillata, Biitschli. {S25 ae 32mm. Cuticula striated; head rounded 
in front, bearing three rows of papille, of which one represents the row of cephalic 
setie ; cesophagus conoid, anteriorly less but posteriorly more, than one-half as wide as 
the corresponding part of the neck ; cardiac constriction exceedingly deep ; tessellated 
intestine at first only one-fourth as wide as the body; rectum half as long as the anal 
body-diameter ; juncture of the cesophagus with the intestine such that a very oblate 
pseudo-bulb is formed ; terminus one-sixth as wide as the base of the tail; eggs as 
long as the body is wide; ovaries reaching about half-way back to the vulva. 
Was s2mm. Spicula equalling in length the anal body-diameter, with a central 
stiffening piece ; accessory pieces rudimentary. 
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Ffab.—Mud and moist earth, and among conferve, Holland, and Frankfort, 
Germany. 

3. T. affinis, de Man. ee ae 14mm. Cuticle marked by about four 
hundred transverse strize ; cephalic papille in three rows of six each, the middle row 
largest and representing the setze ; cesophagus conoid, in its narrowest part less than 
half as wide as the neck, with a distinct cephalic swelling; intestine tessellated, 
nearly two-thirds as wide as the body; rectum equalling the anal body-diameter in 
length; juncture of the cesophagus with the intestine forming a bulb-like swelling ; 
terminus one-fifth as wide as the base of the tail; vagina half as long as the body is 
wide; eggs one and one-half times as long as the body is wide, and one-third as wide as 


x D D O; 8: 19° M 83: 
long; ovaries extending two-thirds of the way back to the vulva. 3-33-39 V4 mm. 








A ventral row of fourteen equidistant accessory organs extend from the anus to near 
the mouth; spicula elongated-cuneiform, nearly straight, rather acute, equal in length 
to the anal body-diameter ; accessory pieces rudimentary. 


Ffab.—F ound in moist marshes and meadows, Holland. 


4. T. glomerans, Bastian. Female unknown. $3-pas-e 23mm. Cuticle 
traversed by about six hundred and eighty transverse striz ; cesophagus cylindroid, 
half as wide as the neck; intestine three-fifths as wide as the body; pseudo-bulb flat; 
terminus one-seventh as wide as the base of the tail; spicula arcuate-cuneiform, 
shghtly exceeding the anal body-diameter in length ; accessory pieces one-fourth as 
long as the spicula. 


F[ab.—Mud of ponds, England. 

5. T. arenicola, de Man. a1 als 14mm. Cuticle smooth; head truncate, 
bearing ten sete arranged as usual, the submedian pairs unequal, the larger ones 
being half as long as the head is wide and very stout and acute; lips with a row of 
small papille in front of the sete ; cesophagus conoid, anteriorly one-third, but 
posteriorly one-half, as wide as the neck; intestine two-thirds as wide as the body, 
without distinct tessellation ; rectum exceeding the anal body-diameter in length ; 
pseudo-bulb present ; tail ventrally arcuate ; terminus narrow, rounded, mucronate ; 
this and the following distinguished from the remaining species by the asymmetrical 
female sexual organs; ovary reaching three-fourths the way back to the vulva. 
Male unknown. 


Hab.—F ound in Holland. 


7 26 
A : ct fetta MU Ge 94° 2 = = 
6. T. minor, n.sp. x3-ga-ge-30 33 12mm. Cuticle apparently without markings; 


hairs minute, if any; neck cylindroid; head truncate, bearing on its outer margin ten 
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spreading setee arranged in the usual manner, four, z.¢., one of each submedian pair, 
being half as long as the others, these latter measuring one-half as long as the 
head is wide; lips three, each with two papillz; lateral organs probably represented 
by small elliptical markings no wider than the base of the cephalic sete and 
situated at a distance from the anterior extremity nearly equal to the width of the 
head; eyes none; pharynx infundibuliform, simple ; cesophagus sub-cylindrical, one- 
third to three-fifths as wide as the neck, widest at the pharynx and posteriorly ; 
cardiac collum distinct; intestine three-fourths as wide as the body, loosely granular 
and quite transparent ; rectum two-thirds as long as the anal body-diameter; no 
ventral gland seen; nerve-ring encircling the cesophagus squarely, half as wide as the 
cesophagus at the point encircled; body diminishing suddenly in size near the anus; 
tail conoid to the middle, where it is one-third as wide as at the anus, thence more or 
less eylindroid to the conoid terminus, which contains a small outlet for the secretion 
of the caudal glands; anus depressed, more or less open; vulva not very prominent; 
eggs three to four times as long as the body is wide and one-fourth as wide as long; 
reflexed portion of the ovary reaching nearly to the vulva. Several drawings of this 
little worm will be found on Pl. xxxrx. 


H[ab.—Soil about banana plants, Fiji, July, 1891. 

7. T. monhystera, de Man. {94-355 13mm. The smooth cuticle bears four 
sub-cephalic setee behind the six slender cephalic sete, the latter being half as long as 
the head is wide. The truncate head bears papillae round the mouth. Lateral 
organs are perhaps present. The conoid cesophagus, which is a trifle enlarged in the 
anterior fourth, is posteriorly one-half, though anteriorly one-third, as wide as the 
neck, The intestine is three-fourths as wide as the body and ends in a rectum about 
as long as the anal body-diameter. The terminus is very narrow, but mucronate. 
The eggs are over three times as long as the body is wide and one-fifth as wide as 
long. The male is unknown. 


Hab.—Marshy places, on the roots of plants, Holland, not common. 

8. T. marina, Biitschli. 5745754 138mm. Cuticle smooth; cephalic setz six, 
nearly one-third as long as the head is wide; lumen or lining of the cesophagus 
widened behind the mouth; intestine half as wide as the body, thin-walled, with a 
large cardiac cavity; lateral, median and submedian fields present, the first perhaps 
half as wide as the body; anterior two-thirds of the tail convex-conoid, thence having 
a uniform diameter one-fifth as great as at the base ; Sea g 28mm. Spicula 
cuneiform, three-fifths as long as the anal body-diameter, slightly bent near the 
middle; accessory pieces small, quadrangular. 


Hab.—Strand, Kiel, Germany. Perhaps not a 77zpyla. 
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9. T. intermedia, Biitschli. grist bei mm. Head truncate, with six cephalic 
setee, each about one-fourth as long as the head is wide, with a row of papillee inside 
the setz ; cesophagus conoid, half as wide as the neck ; intestine at once two-thirds 
as wide as the body ; rectum half as long as the anal body-diameter ; pseudo-bulb 
present, irregular ; vulva very prominent. 

Hab.—Roots of grass, Frankfort-on-the-Main, Germany. 

10. T. filicaudata, de Man. {43 ee ™ 2mm. About eight hundred trans- 
verse strize traverse the cuticula. The truncate head bears four submedian sub-cephalic 
setee just behind the six stout acute cephalic sete (the latter one-third as long as the 
head is wide), and two rows of papillee round the mouth. The cesophagus is nearly 
cylindrical, being only slightly narrower in the middle than elsewhere. The tessel- 
lated intestine ends in a rectum two-thirds as long as the anal body-diameter. 
Pseudo-bulb present. The lateral fields are one-third as wide as the body. The tail 
is usually ventrally arcuate and ends in a terminus one-seventh as wide as its base. 
The vulva is prominent and projecting. The eggs are nearly as wide as the body 
and twice as long as wide. The ovaries extend one-third the distance back to the 
vulva, £2345 17mm. Fourteen or fifteen accessory organs form a ventral row 
reaching from the anus to near the mouth. The nearly straight cuneiform spicula 
equal the anal body-diameter in length and are stiffened by central pieces of chitin. 
There are no accessory pieces. 





H{ab.—¥ound in moist earth, Holland ; not common. 

1l. T. setifera, Biitschli. 9 ese sre 17mm. Cuticle finely striated; head trun- 
cate, with six cephalic sete, each nearly half as long as the head is wide, and a row 
of papillz both inside and outside these sete ; cesophagus conoid, anteriorly one-half, 
but posteriorly two-thirds as wide as the neck, hardly enlarged anteriorly ; intestine 
tessellated, two-thirds as wide as the body ; rectum nearly equalling the anal 
body-diameter in length ; pseudo-bulb present ; terminus one-fifth as wide as the 
base of the tail; vulva projecting ; ovaries reaching nearly back to the vulva. 
g_2 2 —M— # .7mm. Row of ventral accessory male organs extending forward to near 
the mouth; spicula arcuate-cuneiform with a central stiffening piece, four-fifths as 
long as the anal body-diameter ; accessory pieces rudimentary ; blind end of the 
anterior testicle lying near the commencement of the middle third of the body. 


Hab.—Marshy earth, Holland ; roots of a fungus, Germany. 


12. T. tenuicauda, n.sp. Female unknown. 33-ssas 17 *m. The cuticle 
is smooth and bears very short papilla-like hairs throughout. The neck is rather convex- 
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conoid, especially anteriorly, where it ends in a rounded head which is truncate at the 
mouth. There are ten cephalic sete arranged as usual, one of each of the submedian 
pairs being shorter, the others being about one-sixth as long as the head is wide. 
I could discover no papillz. The conoid cesophagus is anteriorly one-half, posteriorly 
three-fifths as wide as the neck, being only very slightly enlarged near the head ; its 
lining is not very distinctly to be seen. From the rather indistinct cardiac collum 
the intestine is at once three-fourths as wide as the body. The duct of the ventral 
gland ends in an ellipsoidal ampulla, and empties through a ventral pore at the 
commencement of the second fifth of the neck (3°67%). The lateral fields are one- 
fourth as wide as the body. The anterior half of the tail is concave-conoid, thence, 
however, it is uniformly one-fifteenth as wide as at the base. The three small 
elongated pyriform caudal glands lie just behind the anus. The ventral row of male 
accessory sexual organs is composed of seven fascicles equidistantly arranged, the 
posterior one being opposite the middle of the spicula and the whole row being 
considerably longer than the tail (14°/,). The elongated spicula are of nearly 
uniform size, being slightly arcuate in the proximal halves; their length is half as 
great again as that of the anal body-diameter. There are probably two testicles 
arranged symmetrically, 


FTab.—Mud of a brook, Sydney, New South Wales, Australia. 


Genus PRISMATOLAIMUS, de Man. 





1. P. intermedius, Biitschli (?). 7-5-3 


by about four hundred transverse striz. Minute and extremely inconspicuous hairs 
occur from place to place throughout the length of the body. The conoid neck 
terminates anteriorly in a truncate head, bearing near its margin six equal spreading 
setee, each about two-thirds as long as the head is wide. The lips are low and 
indistinct, but appear to be three in number; they bore no papille that I could see. 
Neither eyes nor lateral organs were to be seen. The edges of the triquetrous 
pharynx are indicated by three longitudinal ribs ; the main part is two-fifths as wide 
as the head and this is continued by a diminishing part through which it is connected 
with the cesophageal lumen. The cesophagus where it receives the pharynx is 
two-thirds as wide as the corresponding part of the neck; it soon diminishes however 
to one-half as wide as the neck, then gradually widens posteriorly until it becomes 
two-thirds as wide as the base of the neck. The granular intestine, which is two-fifths 
as wide as the body, is separated from the cesophagus by a deep, broad and very 
distinct constriction, opposite to which are two bodies whose function is unknown to 
me. I discovered nothing concerning the ventral gland, the longitudinal fields or 


20 
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© smm The cuticle is traversed 
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the nerve-ring. The cinctured tail is conoid to the terminus, where it is one-fifth as 
wide as at the anus. There appear to be no caudal glands. The eggs are two-thirds 
as long as the body is wide and two-thirds as wide as long. The reflexed portion of 
the ovary reaches two-fifths the way back to the vulva and contains upwards of a 
dozen developing ova which in the distal part are arranged in several rows. The 
male has not yet been seen. I have made a number of sketches of the anatomy of 
this species ; these are reproduced on Pl. xxxix. 


Hab.—Soil about banana plants, Fiji, 1891, not common. I am not positive 
that this worm is the same as that first seen by Prof. Biitschli in Germany ; however 
the resemblance is so great that I do not feel justified in applying a new name, 
especially as the male has yet to be seen. 

2. P. australis, n.sp. fegi-gsae—3 mm «The plain transverse strize of the 
cuticle are easily resolvable with a moderate power. The hairs, which occur through- 
out the length of the animal, are very inconspicuous except on the tail. The 
eylindroid neck terminates in a truncate head bearing ten setze, each about half as long 
as the head is wide and arranged as usual, the members of the submedian pairs being 
subequal. The larger of the cephalic setze just mentioned are of peculiar form, the 
diameter of the hair suddenly decreasing near the tip, the effect being that the hair 
appears as if encased ina sheath. There are papillae round the mouth. Small lateral 
organs appear to me to be placed about as far behind the base of the pharynx as the 
latter is behind the anterior extremity. Their nature I could not make out. The 
short prismoid pharynx is nearly half as wide as the head and is covered over by the 
lips. The cylindroid cesophagus is half as wide as the neck. The thick-walled 
granular intestine is two-thirds as wide as the body and is separated from the 
cesophagus by a distinct and deep constriction. The cardia is transparent and gives 
rise to a pseudo-bulb. The tail is conoid from the depressed anus but tapers more 
rapidly at first than towards the end. It appeared that tail glands were present, the 
terminus beg narrow but convex-conoid as if furnishing an outlet for the secretion 
of caudal glands, and on that account such glands may be supposed to be present, 
though not seen. The eggs are two-thirds as wide as the body, and five times as long 
as wide, and are probably deposited before segmentation begins: 


Hab.—Roots of plants, Moss Vale, New South Wales, Australia. 


Genus PLECTUS, Bastian. 
: : : 46 15° 26° 49° 87: D s 1 
P. insignis, n.sp. g3—3—aa ay 27 mm. The cuticle is traversed by plain trans- 
verse striz easily made out with a lens of medium power. Short hairs occur 
throughout the length of the worm. The neck is conoid,—somewhat convex conoid 
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near the truncate head. Half-way between the anterior extremity and the lateral 
organs occur six cephalic sete, each one-third as long as the head is wide. The 
obscure lips are probably three in number. The lateral organs are unclosed circum- 
ferences, one-fourth as wide as the head, and are situated opposite the middle of the 
pharynx; regarded as spirals, the right is a left-handed spiral, and the left a right- 
handed spiral. The long two-chambered pharynx reaches half-way to the nerve-ring, 
only the anterior part being referred to in the above formula: the anterior half is a 
strongly-lined tube, wider at the mouth, namely, one-third as wide as the head; 
the posterior half somewhat resembles the remainder of the cesophageal tube. This 
latter is anteriorly one-third as wide as the neck, but posteriorly narrows to one-fourth 
as wide as the neck, and finally expands to form an elongated bulb three-fourths as 
wide as the base of the neck and containing a distinct valve. The transparent 
intestine, which is two-thirds as wide as the body and rather thin-walled, is separated 
from the cesophagus by a distinct constriction. The ventral excretory pore is 
situated opposite the oblique nerve-ring. The two wings of the cuticle found on 
each side of the body are separated from each other by a distance equal to one- 
seventh the diameter of the body. The tail is conoid and ends in an apiculate 
terminus one-third as wide as the anal body-diameter is long. Caudal glands as in 
other Plectz. The vulva is inconspicuous. The eggs are three-fourths as wide as 
the body and five times as long as wide; only one seen and that behind the vulva, 
unsegmented. The female sexual apparatus is possibly single and reflexed, extending 
first forward and then back past the vulva. 


FTab.—About the roots of plants, Moss Vale, New South Wales, Australia. 


Genus CEPHALOBUS, Bastian. 


1. C. similis, n.sp. Very likely a new genus may have to be created to 
receive this interesting little worm, which I found on lettuce from a Chinaman’s 
garden. The only specimen seen, a young female, gave the following dimensions : 
ao eg mm. Neck conoid; head truncate, bearing six large bluntly conical 
lips; pharynx deep and complicated, composed of three parts as follows: 1, the part 
alluded to in the formula as 1°6 °/, deep, one-third as wide as the head, fully twice 


as deep as wide, tapering behind into 2, which is closed and surrounded with a 





separate muscular layer, but which however has not so great a diameter as 3, which 
is nearly twice as long as the two anterior parts taken together, more than half as 
wide as the corresponding part of the neck and contains a narrow elongated cavity 
in its anterior half; cesophagus of three parts, with the pharynx forming a structure 
of the same form as the esophagus of Ahaddt/zs, 7.e., the anterior three-fifths about 
half as wide as the neck and connected with the rather weak ellipsoidal cardiac bulb 
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by a tube one-fourth as wide as the part of the neck it traverses; ventral excretory 


pore opposite the nerve-ring ; intestine thick-walled, with a distinct chitinous lining ; 
rectum as long as the anal body-diameter; tail conical; vulva elevated; female sexual 


organs probably double and symmetrical. 


FTab.—Lettuce, Sydney, N.S.W., Australia. 


56 
: Pee alse PER) Suit 92° D 2 
2. C. infestans, n.sp. Female unknown. 5—39-g¢7a5—3 #m. The cuticle is 


not striated and is destitute of hairs. The conoid neck ends in a small truncate head 
with a slightly expanded lip-region. Neither setz nor papilla were seen on the 
head. The anterior half of the pharynx is triquetrous and about one-fourth as 
wide as the head, while the posterior half is much narrower. The cylindrical anterior 
half of the cesophagus is about one-third as wide as the corresponding part of the 
neck ; the posterior half is at first very slender, less than half as wide as in the 
anterior part, but expands finally to form an ellipsoidal bulb half as wide as the base 
of the neck. There are no eyes. The intestine is three-fourths as wide as the body. 
The tail is conoid. The length of the two equal elongated arcuate acute spicula is 
equal to that of the anal body-diameter ; the proximz are cephalated by constriction. 
The two accessory pieces are more than half as long as the spicula and are arranged 
parallel to them. At least four pairs of submedian papillae occur on the posterior 
part of the male: 1, a pair as far in front of the spicula as the heads of the latter are 
in front of the anus; 2, a pair opposite the anus; 3, a pair at the beginning of the 
central third of the tail ; 4, a pair at the end of the second third of the tail, ze., as 
far behind the anus as the pre-anal pair is in front of it. The blind end of the single 
reflexed testicle lies as far behind the cardia as the latter is behind the lips ; from 
thence it passes forward half-way to the cardia, then turns backward. The ejacula- 
tory duct appears to be twice as long as the tail. Sketches of this worm occur on 
Pitexmax, 


fTab.—F ound in great numbers (young) among the sheaths of diseased banana 
plants, Fiji, July, 1891. 


Genus AULOLAIMUS, de Man. 


+ 45 7:5 93: —46-14 73. : C ' aetine 
A. exilis, n.sp. {gas 312 17mm. J place this worm with some hesitation 


in Dr. de Man’s genus 4x/o/aimus for reasons that will be plain on comparing the 
Fiji worm with that of Holland. The cuticle appeared to me entirely naked and 
destitute of strie. The sub-cylindroid neck terminates in a convex-conoid head, 
whose truncate apex bears three (?) obscure lips without conspicuous papillz. There 


are no eyes, and no lateral organs were seen. The cylindroid pharynx is on the 
NN 
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average one-fourth as wide as the head, and is continued as a lumen half as wide in 
the cesophagus proper. This latter is cylindroidal and a little more than half as wide 
as the neck. A rather weak cardiac bulb appears to exist ; the cardiac collum and 
the bulb were less distinctly seen than would appear from the figures. The granular 
intestine is two-thirds as wide as the body. I discovered nothing concerning the 
ventral gland. The nerve-ring, which is placed far forward, makes but a slight angle 
with the esophagus. The slightly ventrally arcuate tail is conoid in the anterior 
third, and thence is setaceous to the terminus, whose structure precludes its being 
the outlet of caudal glands ; these latter, therefore, probably do not exist. The eggs 
are apparently as long as the body is wide and two-thirds as wide as long. Male not 
seen. Sketches of this worm occur on Pl. xxxvi.. 


FZab.—F ound in soil about banana plants, Fiji, July, 1891; not common. 


Genus DORYLAIMUS, Bastian. 


p20 


“7: 3. 6:3 26°9 ‘55° 91°4 s s 
1. D. exilis, n.sp. =—-g-—g3—3a-—13 176mm. No cuticular markings were noted on 





the two specimens examined. The neck retains the diameter of the body in the 
greater part of its length, but becomes convex-conoid in the anterior fourth. The 
truncate head bears six distinct lips, each of which is armed with the usual two 
papillz ; the lip-region is expanded and conspicuous. The well-developed spear 
slides in a close-fitting collar situated just behind the lip-region. The anterior part 
of the cesophagus is one-third as wide as the corresponding part of the neck ; the 
expansion takes place rather suddenly somewhat in front of the middle, and thence 
to the intestine the cesophagus is nearly three-fourths as wide as the body, its central 
canal being unusually conspicuous on account of the refractive nature of its thick 
chitinous lining. The cardiac collum is very distinct. The somewhat dark-coloured 
intestine is three-fifths as wide as the body and is rather thick-walled. The narrow 
rectum is nearly twice as long as the anal body-diameter. The pre-rectal portion of 
the intestine is twice as long as the rectum. The tail is conoid, but diminishes more 
rapidly in the anterior fourth than elsewhere. The eggs are two and one-half times 
as long as the body is wide and about one-third as wide as long. le ee) 16to2mm. 
T have little doubt that this is the male of this species, although I did not find the 
two sexes associated. The differences in structure are very slight, if any ; possibly 
the pre-rectal portion of the intestine is a trifle longer in these males. The male tail 
is blunt and rounded, hemispherical-conoid, and about four (possibly more) papillee 
are found upon it near the end, to which nerves are plainly seen to pass. A ventral 
row of about sixteen closely approximated innervated papillee begins at a distance in 
front of the spicula equal to the length of the latter and extends forward to some- 
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what behind the anterior end of the pre-rectal portion of the intestine. Oblique 
copulatory lateral muscles occur, co-extensive with the pre-rectum. The elongated 
acute spicula are bent at the middle ; their length is one and one-third times that of 
the anal body-diameter. Figured on PI. x1. 


Hab.—Somewhat rare about the roots of banana plants in Fiji, July, 1891. 


4° 6 24 49° 98-4 . . 
2. D. obtusus, n.sp. ¢-3-—a7-g5 79 12mm. The transparent cuticle of this rather 


striking species is finely striated. The slightly convex-conoid neck terminates in a 
somewhat truncate head with six inconspicuous lips each bearing two papille in the 
usual position. The anterior part of the cesophagus is one-third as wide as the 
corresponding part of the neck and ends in a well developed spear; the posterior part, 
beginning suddenly somewhat in front of the middle, is fully twice as wide as the 
anterior part. The cardiac collum is distinct but not deep. The intestine is about 
two-thirds as wide as the body and the contents of its component cells are sometimes 
so arranged as to give it an irregularly segmented appearance. The rectum is about 
three-fourths as long as the anal body-diameter, while the pre-rectal portion of the 
intestine is from three to four times as long as the rectum. The tail is short and 
rounded, the cuticula being slightly thicker in the terminal part. Figured on PI. xt. 


Hab.—Common about the roots of banana plants, in Fiji, July, 1891. Notwith- 
standing careful search, no males were found. The females did not seem very active. 


> 7 248 
. : 4 62 37° ‘48° 99° o 
3. D. longicollis, n.sp. ¢s2-3¢- se 29mm. No markings were observed on 


the smooth and rather thick transparent cuticula. The neck is conoid and ends in a 
rounded head composed of two parts of about equal length, of which the anterior 
is much the narrower, and bears six quite rudimentary lips. Cephalic papille if 
present must be so inconspicuous as to have escaped careful search. The well 
developed spear is about as long as the head is wide and about one-ninth as wide as 
the head. The sinuous anterior third of the unusually long cesophagus is one-fourth 
as wide as the corresponding part of the neck; at the end of the anterior third the 
cesophagus becomes suddenly muscular and larger, that is to say, one-half as wide as 
the neck, and continues thus to the end where it is separated from the intestine by a 
distinct collum. In young specimens the cesophagus occupies more than half of the 
length of the body. The thin-walled intestine is two-thirds as wide as the body, its 
component cells being of such a size that about twelve side by side make up the 
circumference, and having their granular contents so disposed as to give rise to a 
rather distinct tessellation. The rectum equals the anal body-diameter in length. 
In young worms the pre-rectal portion of the intestine was about twice as long as 
the rectum ; presumably the ratio is no greater in the adults. The lateral fields are 
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one-fourth as wide as the body. The tail is nearly hemispherical. From the incon- 
spicuous vulva the vagina, which is one-half as long as the body is wide, leads into 
two long uteri, in either of which the eggs are arranged in several rows. The anterior 
uterus is so long that the flexure in the oviduct sometimes lies in front of the cardiac 
region,—something uncommon in free-living nematodes. Supposing the specimens 
observed to have been mature, the sub-spherical eggs had a diameter one-fourth as 
great as the diameter of the body. Figured on Pl. xu. 


Hab.—The young were common about the roots of banana plants in Fiji, July, 
1891. But few adult females were seen, and no males. 


‘t 776 25°6 ‘54” 98° © s s 
Sos 2ssmm. ~The cuticula is thick and transparent. 


4. D. perfectus, n.sp. 
The neck is conoid, becoming convex-conoid near the head, which is truncate and 
bears six distinct doubly-papillate lips of the usual form. The well developed spear 
is one-fifth as wide as the head and slides in a distinct close-fitting collar, situated 
just behind the lips. The anterior part of the esophagus is only one-fourth as wide 
as the corresponding part of the neck, but at the middle it enlarges rather suddenly 
and becomes two-fifths as wide as the body, its component cells being of such a size 
that ten side by side make up a circumference, and having their granular contents so 
disposed as to give rise to a distinct polygonal tessellation. The rectum is twice as 
long as the anal body-diameter. The pre-rectal portion of the intestine is about four 
times as long as the anal body-diameter, or in the males, twice as long as the spicula. 
The intestine is three-fourths as wide as the body. In the neck at least two 
unicellular glands were observed; each of these was as long as the neck was wide and 
emptied laterally (or sublaterally) by means of an indistinct ampulla and short narrow 
distinct chitinous pore which plainly penetrated all the cuticular structures at a 
distance from the head equal to five per cent. of the length of the body. The vulva 
is not conspicuous. The eggs are one and one-half times as long as the body is wide, 





three-fifths as wide as long. 334-373 = * essmm. The tail of the male, like that of 
the female, is rounded, and bears the four sub-median papillze, also found in the female. 
A single ventral row of about twenty-three innervated closely approximated low papillze 
are found opposite the ductus ejaculatorius, that is to say, begins just in front of the 
spicula and extends nearly to the anterior extremity of the pre-rectal portion of the 
intestine. One such papilla stands alone just in front of the anus. Seen in profile 
the spicula are boomerang-shaped. They are acute, and are stiffened anteriorly by a 
median thickening. The proxime are not cephaloid. Accessory pieces are apparently 
wanting. The spicula are very likely exserted by means of muscles passing obliquely 
to the extremity of the tail. Oblique copulatory muscles are present throughout the 
region of the ductus. Figured on Plates xt. & X11. 
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H1ab.—The worms were very common in the soil about the roots of banana plants 
in Fiji, July, 1891. The males were especially common, Only one female was seen, 
so that I am not perfectly certain that the male and female here described together 


really belong to one and the same species. 





5. D, granuliferus, n.sp. 4-38-25 137mm. The six lips are very distinct 
and each bears the usual two papille. The anterior part of the cesophagus is one- 


fourth as wide as the corresponding part of the neck and is surrounded in front of 


i) 


the nerve-ring by three elongated granular bodies which become conspicuous when 
the worm is immersed in weak osmic acid; behind the nerve-ring the cesophagus 
gradually expands until it becomes, in the posterior half, two-thirds as wide as the neck. 
The tessellated intestine is about two-thirds as wide as the body and is composed 
of cells of such a size that about twelve side by side make up the circumference. 
The narrow rectum is somewhat less than twice as long as the anal body-diameter, 
being about equal in length to the tail. The pre-rectal portion of the intestine 1s 
one and one-half times longer than the rectum. The lateral fields are one-third as 
wide as the body. The tail is pointed and decreases more rapidly in the anterior half 
than in the posterior half. The reflexed portions of the ovaries reach half-way back 
to the vulva. The eggs are a trifle longer than the body is wide and a little more 
than one-third as wide as long. Figured on Pl. x1. 


o 


H[ab.—Not uncommon about the roots of banana plants in Fiji, July, 1891. No 
males were found. 
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- 52mm. The neck is cylindroid to near the 
nerve-ring ; thence it is convex-conoid to the expanded lip-region. There are Six 
distinct lips, and six papillee, also distinct. The rather slender spear slides na 
pharyngeal ring and can be clearly traced back a distance three times as great as the 
width of the head. The anterior third of the cesophagus is narrow ;—it widens rather 
suddenly, so that the posterior two-thirds are three-fifths as wide as the corresponding 
part of the neck. The thin-walled tessellated intestine is three-fourths as wide as 
the body and is composed of cells of such a size that about sixteen are required to 
build up a circumference. The rectum is as long as the anal body-diameter ; the 
pre-rectum is five times as long as the rectum. The lateral fields are at the neck 
one-eighth, and at the tail one-fourth, as wide as the body. The conoid-hemispherical 
tail seems to have a terminal pore and to contain a considerable number of small 
glands. The depressed vulva leads into a vagina one-half as long as the body is 
wide. The thick-shelled eggs are more or less ellipsoidal ; they are three-fifths as. 
wide as the body and twice as long as wide. The uteri seem to contain but one egg 
at a time, and this is probably deposited before segmentation begins. The ovaries 
reach two thirds to three-fourths the distance back to the vulva. Male unknown. 
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Hfab.—¥ ound among the bases of carrot leaves, Sydney, New South Wales, 

Australia, in July. 
223 

7. D.domus Glauci, n.sp. 2p 3 — 18mm. Neck conoid,— convex-conoid 
anteriorly ; lips six, each with at least one distinct papilla; spear acute, well 
developed; cesophagus at first only one-fifth as wide as the corresponding part 
of the neck, but gradually and uniformly widening until it is at last more than half 
as wide as the base of the neck; rectum nearly twice as long as the anal body- 





diameter ; pre-rectum three times the length of the rectum, tapering posteriorly ; 
ovaries reaching two-thirds to three-fourths the way back to the vulva ; eggs thick- 
shelled, ellipsoidal, as long as the body is wide and over half as wide as long, 


Ffab.—Found among moss on the walls of the Casa Poetz, Pompeii, Italy. 
Possibly the widths given in the formula are too great. 


40 e 
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8. D. Vesuvianus, n.sp. 77-33-36 a5733 15mm. In the posterior part the neck 





is nearly cylindrical, but the anterior third is convex-conoid to the truncate head. 

The lip-region is not conspicuous, and the lips are either absent or very indistinct. 

There are perhaps two rows of papillee, six in each row. The spear is very slender 

and can be traced backward only for a distance equalling one-fiftieth of the length of 
the worm. The anterior part of the cesophagus is only about one-fourth as wide as 

the corresponding part of the neck, but it expands suddenly behind the middle, so 

that the posterior third (male) or two-fifths (female) is twice as wide, z.e., about half 
as wide as the base of the neck. The intestine is about half as wide as the body and - 
is marked off from the cesophagus by a distinct constriction. The cardia is broad 

but not deep. The rectum is only three-fourths as long as the anal body-diameter ; 

the pre-rectal portion of the intestine, however, is quite as long as the enlarged portion 

of the cesophagus. The lateral fields are nearly one-third as wide as the body. The 

tail in either sex is hemispherical or conoid-hemispherical. The inconspicuous vulva 

leads to a vagina half as long as the body is wide. The reflexed ovaries reach half- 

way back to the vulva. §73-3—5—s3 im. A ventral row of eleven juxtaposed 

median innervated papillee extends forward from opposite the proximal ends of the 

spicula, These latter are of the usual form and about twice as long as the tail. The 

internal male sexual organs occupy the posterior two-thirds of the body. 


H1ab.—Found among moss on the sides of Mount Vesuvius, Italy. 

9, D. labyrinthostoma, n.sp. ~~ 93-32-12 17mm. This species belongs to the 
group first made known through the researches of Dr. de Man, and characterised by 
the possession of elaborate mouth parts accessory to the spear. The group represents 
the acme of development in Dorylaimus so far as yet discovered. The spear presents 
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no very marked contrast with the spear as presented in other groups in the genus. 
The parts accessory to the spear may conveniently be arranged in two groups, (1) 
those serving to guide the spear in its forward and backward movements, and (2) 
those which line the lips and forward part of the pharynx, and serving, in my opinion, 
to give the animal a firm grip during the operations of piercing and sucking by which 
it gains its living. The principal part serving to guide the spear is a chitinous collar 
which’ is doubtless a further development of various similar but more simple contri- 
vances found in all nematodes with a pharyngeal spear. In the present case this 
collar, which, were it not somewhat too flat, might be called bell-shaped, closely 
surrounds the spear at the base of the pharynx, being firmly held in place by horny 
processes anterior to it and partly constituting the interior wall of the pharynx. The 
parts lining the lips, and no doubt, as above stated, serving as biting organs, are less 
easily described. In the first place it is necessary to note that the lips and the lip- 
region are constructed externally much as in other Dovy/azmz: there are six somewhat 
confluent lips each bearing two papille, the lip-region being expanded and the 
papille being arranged in two circles of six each, one circle inside the other but both 
situated near the margin of the head. Inside these lips and extending backward some 
little distance further is the pharynx, which is, roughly speaking, pyriform in shape, 
with the wider part foremost. Round the mouth-opening are ranged a number 
of processes, probably six, one from each lip, which appear to be capable of radial 
movement. Opposite the inner and anterior row of labial papillae a row of numerous 
longitudinal ribs encircles the anterior part of the pharynx. The base of these 
ribs or teeth is a transverse ring larger than any other of its kind found in the head. 
What appears to be a repetition of this structure on a smaller scale and without the 
transverse ring occurs slightly further back, that is half-way between the mouth- 
opening and the spear-guide. The object of these complex structures is open only to 
conjecture, but I have little doubt that they are used as biting organs, or possibly as 
rasping surfaces in tearing down the cells of plants; I do zo¢ consider them organs of 
mastication. The examination of these mouth-parts and a comparison of them with 
those of Onyx, Mononchus and Oncholaimus, has convinced me that we have good 
ground for regarding the spear-bearing genera and what I may call the tooth-bearing 
genera (represented by Mononchus, Oncholaimus and other genera with a distinct 
dorsal tooth) as being related to each other and perhaps constituting a grand group. 
The further specific characters of D. dabyrinthostoma are as follows: cuticle thick, 
destitute of markings and hairs; neck cylindrical posteriorly, convex-conoid anteriorly ; 
head truncate; lateral organs not seen; eyes none; nerve-ring oblique; cesophagus 
anteriorly one-fourth as wide as the neck but widening gradually and becoming, 
near the middle, two-thirds as wide as the neck and so continuing to the end, where it 
is separated from the intestine by a distinct constriction ; intestine three-fourths as 
wide as the body, its distinct pre-rectal part being twice as long as the body is wide; 
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rectum nearly twice as long as the anal body-diameter; tail conical and hair-fine at 
its terminus, without glands; anus and vulva not conspicuous. Male unknown. 
Figured on Pl. xxxvu. 


H{ab.—Soil about banana plants, Fiji, July, 1891, common. 


Genus TY LENCHOLAIMUS, de Man. 

T. ensiculiferus, n.sp. A ees 17mm. The thick transparent and naked 
cuticle seems not to be annulated. The neck is cylindroid in the posterior half and 
convex-conoid in the anterior half. The diameter of the head in the lip-region is 
equal to ‘8 per cent. of the body-length, z.e., is one-third as wide as the base of the 
spear. The head, somewhat rounded in front, bears no sete and none but very 
inconspicuous lips, of which the number is probably three. There are no eyes. No 
lateral organs were seen. The pharynx, which is half as long and nearly one-third 
as wide as the neck, contains a spear whose three-bulbed base is one-fourth as wide as 
the middle of the neck and whose posterior third is three times thicker than the 
slender anterior two-thirds. From the base of the spear a narrow and, when the 
spear is not exserted, tortuous canal leads to the muscular much elongated cardiac 
bulb, which is twice as long as the neck is wide and fully four times as long as wide. 
The thick-walled granular intestine is one-half as wide as the body and is separated 
from the cardiac bulb by a deep and distinct constriction; the rectum is one-half as 
long as the anal body-diameter. The nature of the ventral gland, longitudinal fields, 
and nerve-ring remain unknown. The posterior end is rounded and thick-skinned, 
but its internal muscular matter ends in a blunt point. The male was not seen. 
Drawings of this interesting worm will be found on PI. xin. 


Hab.—F ound in soil about the roots of banana plants, Fiji, 1891. Not common. 


Gexus TYLENCHUS, Bastian. 


Transparent striated round worms, in most cases devoid of bristles or sete, 
varying in length from one-third of a millimetre to three and a-half millimetres, 
attacking the tissues of plants, or more rarely animals, by means of a pharyngeal 
spear and sucking apparatus of the following construction: a three-bulbed spear, 
capable of being thrust forth and withdrawn by appropriate muscles, is connected 
with a powerful median cesophageal sucking-bulb by means of a tube whose lining is 
more chitinous than is usual in other Nematode genera; the median bulb is connected 
with a smaller posterior bulb of much weaker construction by means of a shorter and 
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weaker tube, which passes through the oblique nerve-ring, situated just behind the 
median bulb. The posterior bulb may become rudimentary, but probably never quite 
disappears. The 
female sexual apparatus is usually single and asymmetrical, beng in that case usually 
straight and directed forward though often presenting a rudimentary posterior branch, 
In the former case the vulva is behind the 


Lateral organs as well as visual organs are unknown in the genus. 


but it may be double and symmetrical. 
middle; in the latter case it is central. 
spicula and in most species a more or less well developed bursa. 


The male possesses two equal slightly arcuate 


87:9 


see aS is the formula for the freshly hatched 


iy ieradicicola, Greef.) “s1--assea-30 
larva, of which the following is a further description :—Cuticle traversed 
by about five hundred transverse strie; neck cylindroid to opposite the 
base of the buccal cavity, but thence to the mouth is convex-conoid ; 
faint indications of lips; three-bulbed spear 





Fic. 4.—Larva of Tylenchus 


when at rest drawn back so that its apex is aa 





I, the larva magnified 190 
times. II, head of the same 
worm magnified 875 times. 
III, small section of the body 
magnified 750 times. IV shows 
at the centre of the circle 
the actual size of the worm. s, 
spear; 6, median sucking-bulb ; 
n, nherve-ring ; p, ventral excre- 
tory pore ; posterior }, cardiac 
bulb ; 7, the intestine ; ¢c, the 
cuticle ; /, the lateral wings of 
the cuticle. 


removed half the spear-length from the mouth; 







ellipsoidal sucking-bulb just in front of the 
TL 


nerve-ring ; posterior cesophageal swelling weak | ae 
and devoid of chitin; intestine pellucid, two- 3 
; 


thirds as wide as the body, and having its cells 


roe 





closely packed with granules ; ventral excretory 
pore just opposite the commencement of the 
intestine ; lateral wings occupying an area one-fourth as wide as the 
body and presenting four parallel lies ; tail conical from the incon- 
spicuous anus ; caudal glands absent, terminus pointed. 


The larve, which are found in large numbers in the cavities occupied by the 
parasitic mother-worms, and also in the sur- 
rounding soil, make their way into the rootlets 
of various plants by means of the special 
piercing and sucking apparatus, namely, the 
spear and bulb, and then undergo a remark- 
able metamorphosis. At an early moult they 
lose the conical tail and the posterior end 





Fic. 6.—Immature Ty- 
lenchus  radicicolu 


Fic. 5.—Young of Ty- 


becomes rounded. Meanwhile the body, amply 
nourished by plant-juices, becomes plump, and 
takes on the dimensions shown in the fol- 
lowing formula and the adjacent illustrations : 


AD UisObeoY: OL: 


337-95 tei ¢ Lhe larva makes its way into a 


lenchus radicicola, 
after entering a 
root. 


s, spear; b, sucking- 
bulb ; p, ventral excre- 
tory pore ; 7, intestine ; 
v, unicellular ventral 
gland ; a, anus, 


shedding its skin. 


c, the old skin being 
cast off; s, the old and 
the new spear; p, the 
ventral excretory pore ; 
v, the unicellular ven- 
tral gland ; 0, rudimen- 
tary sexual organs. 


rootlet by applying its mouth to the surface of the rootlet and exerting a powerful 


00 
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suction by means of the sucking-bulb, at the same time thrusting forth its spear by 
means of the muscles attached to its three-bulbed base. The cells of the epidermis of 


the rootlet having been thus pierced are sucked dry, and at the aperture thus made 


|" a am other and deeper cells are similarly attacked. 
| ‘\ 
a 

Iv 


s v 


Fie. 8.—Tylenchus radi- 
cicola. 


Continuing this line of action, the little worm 
makes its way into the rootlet, where its 
presence soon excites abnormal growth, re- 
sulting in galls, which vary in size, according 
to the species of plant attacked, from the 
size of a pin’s head to that of a large walnut. 
In consequence of these attacks, many culti- 
vated crops, as, for instance, potato, cabbage, 
banana, pea, bean, members of the melon 





Fic. 7.—Neck of the 
worm shown in Fig. 
5 more highly mag- 


nified. 
s, spear; b, median 


I,a young larva. II,a 
half-grown female. III, 
a full-grown female. IV, 
two eggs. v, the vulva; 
s, the segments of the egg 


sucking-bulb ; y, ven- 
tral excretory pore. 


after the first division. 
First three figures magni- 
fied twenty-five times, 
the others three hundred 


family, beet, parsnip, radish, tomato, plum, 
apricot, peach, almond, grape, and many 


times. others suffer much or succumb altogether. 


The worm isa veritable pest in many parts of New South Wales, Queensland and 
Victoria. 


Soon after the young worm loses its tail the sexual organs begin to develop. 
The female continues to grow stouter and finally becomes a flask-shaped sac devoid 
of anus and with a terminal vulva. The two-parted female sexual apparatus develops 
enormously, and at last almost completely fills the body-cavity, the eggs contained 
in it numbering several hundred. These undergo segmentation 2 
utero, and are deposited (in the tissues of the attacked plant) con- 
taining already well-developed embryos. 





Fic. 9.—Male of 


radicicola 

I, male worm magnified 60 
times II, head of the same 
worm magnified 450 times. 
III, male shedding its skin for 
the last (?) time. IV, cross-sec- 
tion of the posterior part of the 
body. V, side view of the same 
part. VI, side and ventral 
views of the tail-end. s, spear; 
b, median sucking-bulb ;_ sz, 
spermatozoa ; c, cuticle ; 7, in- 
testine ; v, seminal vesicle ; d, 
posterior end of the ejaculatory 
duct ; ps, spicula or penes; a, 
anus. 


Tylenchus 


The male worm, however, instead of con- 
tinuing in the path of development followed 
by the female, returns to a slender adult form, 
having the following dimensions and charac- 


up he 137 Me (98:7; e = 
ters 5 s3-3 1 133mm. Cuticula with about 





five hundred transverse striz; neck conoid, 
head truncate ; lips six, distinct ; spear stout ; 
cesophageal tube one-fourth as wide as the 
neck, lined with thick glistening chitin; median 
bulb ellipsoidal, two-fifths as wide as the neck, 


with-a large distinct chitinous central part ; intestine two-thirds as 
wide as the body, its cells closely packed with granules ; rectum twice 


as long as the anal body-diameter ; tail obliquely hemispherical-conoid ; anus incon- 
spicuous ; bursa none; spicula acute, linear, nearly straight, wider and fusiform in 
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the proximal half, about twice as long as the tail or considerably longer than the 
anal body-diameter ; no traces of accessory organs ; ejaculatory duct at least three 
to four times as long as the spicula ; spermatozoa large and spherical ; lateral wings 
or projections three, closely approximate, giving rise to four longitudinal lines when 
the lateral view is interpreted by the microscope. 


Hab.—Roots of cabbage, potato, banana, radish, pea, peanut, cow-pea, bean, 
squash, pumpkin, sanfoin, melon, cucumber, tomato, beet, plum, apricot, peach, 
almond, fig, walnut, willow, gourd, begonia, sunflower, amaranth, dahlia, purslane, 
ego-plant, spinach, maize, orange, grape, mulberry, morning-glory, petunia, spireea, 
buddleia, shepherd’s purse, blackberry, and probably numerous other plants, New 
South Wales, Queensland, and Victoria. 


2. T. devastatrix, Kiihn. 24,22 “524 mm. The cuticle is traversed by 


about one thousand plain transverse striz. The slightly convex-conoid neck termi- 


nates in a truncate head, the limits of whose i, lip renin, 


1D-reol = f = b, tip of spear. 

lip-region are not easily made out. The lips oa aa aaoking: ball 

d, nerve-ring. 

e, excretory pore. 

J, muscles for moving the spear 
forward, 

g, posterior cesophageal swell- 
ing. 

h, excretory gland. 

i, hind end of spear. 

j, loop in ovary. 

k, right spiculum or penis. 

1, muscles for opening the vulva. 

m, the vulva. 

n, glandular (?) bodies. 

o, bursa. 

p, hind end of ovary. 

q, uterus containing spermato- 
zoa and one segmenting 


are rudimentary, and there are no papille, 
unless they be represented by exceedingly 
minute projections immediately round the nar- 
row mouth-opening. The well-developed spear 
is-moved forward by three muscles passing 
obliquely from the three bulbs to the outer 
margin of the lip-region. The muscular ellip- 








soidal median bulb, lying just in front of the 
middle of the neck, has the same width as the 


: OusP0 egg at. 
head; its distinct three - chambered central Pieaeniers 
eavity is thickly lined with chitin, which serves Taouealgat on female seer al 
opening. 


as the internal attachment of nucleated radial a blinded Gf posterior sede 


mentary ovary. 


muscles. Somewhat behind the oblique nerve- py tinbesting showing its Gatluler 
structure. 


ring the cesophageal tube begins to. expand, ‘i brea sastiol! of ad/eom: 


and, continuing to do so to the end, thus forms | ee k 
; y, wings of the cuticle. ; 
a posterior bulb (fully one-fourth as long as the BGO ONO Ge 


Fig. 9.—Side view of the devastating eel-worm. 





neck), which always contains about three large 
I, afemale worm. II, head of the same worm 


nuclei. These nuclei appear to me to indicate more highly magnified. III, tail of a male. IV, 
: c : view from below, of the female sexual opening. 

that this bulb or swelling is glandular rather _ V, cross-section of the worm passing through the 
: . 3 a . sucking-bulb. WI, front view of the penes and 

than muscular in function. The intestine begins their accessory parts. VII, cross-section through 
i : . the middle of a female, showing how the body- 

as an exceedingly fine tube leading backward cavity is filled completely by the ovary () and the 


from the esophagus ; it soon becomes three- Baio 
fourths as wide as the body, and appears to be made up of two rows of cells 
packed with coarse granules. The limits of the rectum are indefinite, but it 
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is not more than half as long as the anal body-diameter. The unicellular ventral 
gland lies just behind the cesophagus, and empties, by means of a slender tube 
devoid of an ampulla, through the ventral excretory pore, situated half-way between 
the nerve-ring and the posterior end of the cesophagus. The distance between the 
two lateral wings is equal to one-fourth the length of the diameter of the body. 
The median fields are very narrow; no submedian fields came under notice. The 
tail is conoid from the conspicuously-projecting vulva. The anus is inconspicuous. 
There are no anal glands. The vulva, a transverse slit one-half as long as the body 
is wide, is opened during copulation and oviposition by means of four pairs of oblique 
muscles arranged in two antagonistic groups, one anterior to the vulva and the other 
posterior. Each of the posterior pairs is attached distally near the ends of the slit 
and proximally to the body wall near the ventral submedian lines some distance back 
from the vulva. The antagonistic muscles are arranged similarly, but in front of the 
vulva. The short vagina leads forward into the uterus, which is as long as the 
distance from the vulva to the anus, and in adult worms commonly contains one or 
two eggs (three-fourths as wide as the body and twice as long as wide), which are in 
the later stages of segmentation. The anterior part of the uterus is occupied by 
numerous spermatozoa, which are placed there by copulation with a male, and which 
fertilise the egg immediately on its entry into the uterus. A rudimentary sac-like 
posterior branch of the sexual organ extends backward from the vulva half-way to 
the anus. The females are viviparous or ovoviviparous. oe SE tm «In 
the male the anus projects so as to be prominent. The transparent ribless bursa 
originates anteriorly opposite the proximal ends of the spicula, and ends behind the 
middle of the tail or near its end. The two equal elongated arcuate-cuneiform 
spicula are one and one-half times longer than the anal body-diameter, their proxime 
being slightly cephaloid by expansion. The thin and inconspicuous accessory pieces, 
in which the spicula slide, are half as long as the spicula. In the neighbourhood of 
each spiculum and behind the anus I observed cells which may be glandular in 
function. The single testicle extends forward to near the cesophagus. The ripe 


spermatozoa are one-sixth as wide as the body. 


Syn.—T. dipsaci, Kiihn; 7. alli’, Beyerinck; 7. hyacinthi, Prilleux; 7. 
Haversteinit, Kiihn. 


Hab.—Parasitic in onions, hyacinths, teasel, rye, oats, buck-wheat, clover, 


potatoes, &e. 





3. T. granulosus, n.sp. j3-37-3s- 33-24 ‘mm. The cuticle is traversed by about 
four hundred and seventy-five transverse striz, which exist in the outer as well as 
the inner layers. The conoid neck terminates anteriorly in a head somewhat rounded 


in front and bearing six somewhat spherical lips. The stout spear is one-tenth as 
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wide as the head, and the three bulbs at its base form a triple knot three times as 
wide as the shaft. Anteriorly the cesophagus is one-fourth as wide as the neck ; 
somewhat behind the middle of the neck it expands to form a muscular prolate bulb 
one-half as wide as the neck. Thence it passes through the oblique nerve-ring 
situated just behind the bulb, and from being there one-fifth as wide as the neck it 
becomes rather suddenly one-half as wide as the neck, and joins the intestine in a 
rather indefinite manner at 16°/,, as stated in the formula. The ventral excretory 
pore is situated at a distance behind the median bulb equal to thrice the length of that 
organ. The intestine is composed of cells containing coarse granules. The distance 
between the wings of the cuticle equals one-third the width of the body. The tail is 
conoid to near the terminus, where it diminishes suddenly to a blunt point. I saw 
only immature females, and cannot give details concerning the sexual organs. The 
above formula is the average of four specimens. Male unknown. 


Ffab.—Observed in numbers in brown rotten cavities three-fourths of an inch 
deep in the root-stock of banana plants, and also occasionally among the outer 
sheaths of the plants as well as in the adjacent soil, Fiji, 1891. 


4. T. similis, n.sp. Nearly all the information I have with 
regard to this species is set forth in the sketches on Pl. xim 





Ffab.—F¥ ound about diseased banana plants, Fiji, July, 1891. 

5. T. multicinctus, n.sp. $-ss7-a3-s3 mm. Cuticula traversed by numerous 
plain transverse strieze, which are displayed in the outer as well as the inner layers ; 
neck conoid; head somewhat rounded and presenting six transparent lips; spear well 
developed, stout, and with three prominent bulbs, in action guided by well-developed 
chitinous processes behind the lips ; anterior part of the cesophagus a chitinous tube ; 
median sucking-bulb considerably behind the middle of the cesophagus, ellipsoidal and 
presenting a well developed internal valve; nerve-ring oblique, close behind the 
median bulb ; posterior part of the cesophagus at first tubular, but finally expanding 
into a swelling nearly half as wide as the base of the neck ; intestine granular, two- 
thirds as wide as the body ; tail convex-conoid, blunt ; nature of the female sexual 
organs unknown. ss-g7-53-7-3 2mm. Spicula two, equal, elongate, tapering, acute, 
arcuate, proximal ends not cephalated, one and one-half times as long as the anal 
body-diameter ; tail completely enveloped in the striated bursa which springs froin 
opposite the proximal ends of the spicula and reaches its greatest development 
opposite the anus ; accessory pieces half as long as the spicula and placed parallel to 
them. The worm is well figured on Pl. xin. 


fTab.—Found about the roots of banana plants, Fiji, July, 1891. 
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Genus APHELENCHUS, Bastian. 


Transparent striated round worms, nearly always totally devoid of bristles or 
sete, varying in length from one-half a millimetre to one and a-half millimetres, 
attacking the tissues of plants by means of a spear and sucking apparatus of the 
following construction : a more or less distinctly three-bulbed spear, capable of being 
thrust forth and withdrawn by appropriate muscles, is connected with a powerful 
cesophageal sucking-bulb, by means of a tube whose lining is more chitinous than 
is usual in most Nematode genera. Behind the median bulb, the cesophagus 
continues for a short distance as a narrow tube, but soon gradually enlarges and joins 
the intestine in such a manner that it is often impossible to say where the cesophagus 
leaves off and the intestine begins. The oblique nerve-ring is situated just behind 
the sucking-bulb. 

1. A. microlaimus, Cobb. 3437-3 a “3 amm. The cuticula is traversed by 
seven hundred transverse strize. _To the slightly convex-conoid neck succeeds a some- 
what rounded head with six minute rudimentary lips, which are to be seen only in 
certain oblique aspects, and which are destitute of papille. The pharynx is armed with 

an unusually short spear, whose base presents 

“fi three rudimentary bulbs. The cesophagus is 
| one-fourth as wide as the neck and terminates 
posteriorly in an ellipsoidal bulb four-fifths as 





QPS 





% 


a, lips. 2 - 
b, spear. wide as the base of the neck ; thence the ali- 
c, nerve-ring (?). 5 = 2.3 

d, median (sucking) bulb. mentary canal continues, at first narrow, but 
e, ventral excretory pore. fa O : : 
f, ventral gland. gradually widening. The bulb is, morphologi- 
g, blind end of testicle. 7 ior 
h, intestine, eally, probably the median bulb—the posterior 
7, cuticle. ‘ : : 

i: spermatozoa. part of the cesophagus being rudimentary and 
Tichianonn aaseaeory pare: indistinguishable from the intestine. Nerve- 
i, youltral dapilla: fibres appear to exist both behind and in front 


o, terminus. 


of the bulb. The rectum seems to be about 
equal in length to the anal body-diameter. The 
ventral excretory pore is situated at a distance 
behind the cesophageal bulb equal to twice the 

: as ee pee ee my, length of the latter organ; the gland of which 
oe 3 the middle of the body. IV, posterior jt is the outlet is a very long and narrow cell 
as far behind the excretory pore as the latter 

is behind the mouth. The tail is conical to the terminus, which forms an outlet 
for the secretions of the caudal glands. The posterior branch of the sexual organs 
is only half as long as the anterior, and is therefore somewhat rudimentary. 


68 
: 5 —M®S 95-1 . : 
2-7 mm. ~The ventrally-arcuate conoid tail of the male presents a 
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single median ventral papilla near the middle. The two linear acute spicula, 
half as long as the tail, are so close together that when seen in profile they 
appear as one. The proximal ends are not cephaloid. In front of the spicula is a 
structure one-half as long as the spicula themselves, concerning whose function I am 
uncertain. It may be accessory to the spicula, as it can be exserted at the same 
time. The blind end of the testicle is sometimes reflexed, and in it commences the 
development of the spermatozoa, which are arranged in single file through the organ. 


HTab.—Common on grass, Sydney, N.S.W., Australia. 


. 40 
. 2" 1l- 10° —55- 70° : C 
2. A. longicaudatus, n.sp.  f-a-iss ss 8™m. «= Cuticle apparently without 


markings; hairs none; neck conoid; cephalic setee none; head truncate, the lip- 
region transparent; lips obscure, probably six; spear acute, slender, with incon- 
spicuous posterior ending; cesophagus one-third to one-half as wide as the neck ; 
bulb one-half to two-thirds as wide as the neck, twice as long as wide, or more, with 
a refracting chitinous central part ; tail conical, in its posterior half setaceous ; vulva 
inconspicuous ; uterus with possibly a rudimentary posterior branch; eggs twice as 
long as the body is wide and one-third as wide as long, probably deposited before 
segmentation begins. 77—-3—3——se-7 37mm. The male tail is like that of the female 
in form. There is no bursa or papilla or supplementary organ of any kind. The 
arcuate-cuneiform spicula are a little longer than the anal body-diameter, their 
proximal ends not being cephaloid. There is a chitinous structure in front of the 
spicula, possibly the chitinous terminal portion of the combined rectum and sexual 
opening, which is half as long as the spicula and expanded proximally much as in 
A. microlaimus. Figured on Pl. xu. 


Ffab.—Soil about banana plants, Fiji, July, 1891. Not common. 

3. A. minor, n.sp. oe eee 48mm. Cuticle naked as usual, and with very 
fine markings, if any. The conoid neck ends in a truncate head with a definite 
hp-region. I am uncertain about the details of the pharynx. The prolate bulb 
contains a distinct valvular structure. The cesophageal tube is heavily lined with 
chitin. The intestine is coarsely granular. The ventral pore is situated somewhat 
behind the sucking-bulb. The conoid tail ends in what appears to be a conical outlet 
for the secretions of the caudal glands. The vulva is inconspicuous. The eggs are 
one-half as wide as the body and over twice as long as wide. Figured on PI. xxxvut. 


Hab.—Found about the roots of banana plants, Fiji. 
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EXPLANATION OF PLATES. 


PLATE XXXVI. 


MoNONCHUS DIGITURUS. 


Fig. 1. Female worm. Fig. 2. Terminus of the tail. Fig. 3, Neck and head. Fig. 4. Tail. 


a, spinneret ; b, mouth-opening ; c, papille; d, pharynx; e, two submedian teeth ; f, single dorsal 
tooth ; g, nerve-ring ; h, cesophagus ; 7, vulva ; Jj, anus ; k, intestine ; 7, cardiac constriction. 


MononcHvus GYMNOLAIMUS. 


Fig. 1. Female worm. Fig. 2. Head of the same worm more highly magnified. Fig. 3. Anal region. 


a, papille round the mouth ; 6, papille on the margin of the head; ¢, rectum ; d, lateral organ ; ¢, 
striz on wall of the pharynx; /, muscles of the pharynx; g, esophagus ; h, caudal glands; 4, 
dorsal tooth ; 7, esophagus; &, intestine ; J, vulva and vagina ; m, ovum, flexure in ovary; 7, 


anus ; 0, excretory pore (?) ; p, cardiac collum ; g, cesophagus. 


MOoNONCHUS MINOR. 


Fig. 1. Female worm. Fig. 2. Head of the same worm more highly magnified. Fig, 3. Neck and head. 
Fig. 4. Tail. Fig. 5. Portion of body. 


a, papille on the margin of the head ; 0, papillz round the mouth; ¢, dorsal tooth ; d, rasp-like teeth 
on wall of the pharynx ; e, beginning of the esophagus; f, nerve-ring; g, anus; 4, lateral 
field ; ¢, vulva ; j, egg ; k, esophagus. 


RHABDITIS FILIFORMIS (2), 


Fig. 1. Female worm. Fig. 2. Head. Fig. 3. Head. Fig. 4. Portion of the body. 
a, pharynx ; b, beginning of the esophagus; c, esophagus; d, cardiac bulb ; ¢, flexure in ovary; /, 
blind end of ovary; g, vulva; h, blind end of ovary; %, posterior end of pharynx ; j, anus; 
k, flexure in intestine ; 1, egg. 


PLATE XXXVII. 


AULOLAIMUS EXILIS. 


Fig. 1. A female worm. Fig. 2, Head of the same worm. Fig. 3. Neck. Fig. 4. Cardiac region. 
a, lips; 6, pharynx ; ¢, nerve-ring ; d, base of pharynx; e, vulva; f, anus; g, esophagus; h, cardiac 
bulb ; ¢, cardiac bulb ; j, beginning of the intestine. 
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CHROMADORA MINIMA. 


Fig, 1. Neck. Fig. 2. Female worm. 
a, cephalic setee; 6, pharynx ; ¢, lateral organ ; d, esophagus ; e, cardiac swelling; f, intestine; g, 
cardiac collum ; /, vulva ; 7, anus ; 7, spinneret. 


MOoNHYSTERA RUSTICA. 


Fig. 1. Female worm. Fig. 2. Head and neck of the same worm. 


a, cardiac collum ; 8, intestine : c, blind end of ovary ; d, egg ; e, vulva; f, anus; g, cephalic sete ; h, 


base of the pharynx ; 7, lateral organ ; 7, cardiac collum. 


DoRYLAIMUS LABYRINTHOSTOMA. 


Fig, 1. Afemale worm. Fig. 2. Head of the same worm more highly magnified. Fig, 3. Part of the neck. 


a, mouth-opening ; 0, one of the inner row of papill ; c, one of the outer row of papille; d, row of 
rasping (?) organs; e, spear-guide; f, base of the spear; g, cardiac collum; h, vulva; 7, 


pre-rectum ; 7, anus; 4, nerve-ring ; /, esophagus. 


CHromapora Musa. 


Fig. 1. An immature female worm. Fig, 2. Terminus of the tail. Fig. 3. Headt 


a, cardiac bulb ; 6, nerve-ring; c, lateral organ ; d, dorsal tooth; e, base of the pharynx; f, anus; g, 
cesophagus. 


PLATE XXXVII. 


Youna RuaspirTis. 


Fig. 1. Young worm. Fig. 2. Head and neck. Fig. 3. Head. 


a, lips; 6, pharynx; c, esophagus; d, median bulb; ¢, nerve-ring; /, cardiac bulb; g, anus; h 
nerve-ring. 


APHELENCHUS MINOR, 


Fig. 1. Anterior part of a female worm. Fig, 2. Tail. Fig. 3. Posterior part of a female worm. 


a, tubular part of the esophagus ; 6, median sucking-bulb ; c, excretory pore ; d, vulva; e, vulva; f, 
anus; g, spinneret. 


RHABDITIS. CORONATA. 


Fig, 1. A female worm. Fig. 2. Head of the same worm more highly magnified. 
a, lips; 6, pharynx ; c, median bulb; d, nerve-ring ; e, cardiac bulb; f, cardiac collum ; g, intestine ; 
h, egg ;, 2, vulva ;, 7, egg,; *,, anus. 
PP 
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RHABDITIS MONHYSTERA. 


Fig. 1. Female worm. Fig. 2. Male worm. Fig. 3. Tail of a male. Fig. 4. Head. Fig. 5. Tail of a 


female. Fig. 6. An egg with embryo. 


a, blind end of ovary ; b, egg ; ¢, vulva; d, egg ; e, flexure in ovary; f, anus; g, ductus ejaculatorius ; 
h, spiculum ; 7, anterior group, ribs of bursa ; 7, median group, ribs of bursa; &, posterior group, 
ribs of bursa ; 7, pharynx; m, cesophagus; m, median bulb ; 0, nerve-ring ; p, excretory pore ; 
g, cardiac bulb; 7, intestine; s, flexure in testicle; ¢, vas deferens; w, papille on lips; », 


pharynx ; w, rectum ; 2, lateral pores on tail of female ; y, embryo. 


RHABDITIS PELLIOIDES. 


Fig. 1. A female worm. Fig. 2. Head. Fig. 3. Tail. Fig. 4. Small portion of the body. Fig. 5. Neck 


- 


and head. Fig. 6. Tail ofa male. Fig. 7. Tail of a male. 

a, lips ; 6, pharynx ; c, median bulb; d, nerve-ring ; e¢, cardiac bulb ; f, pharynx ; g, papille ; h, lip ; 
z, anus; j, lateral wings ; A, flexure in ovary ; /, blind end of testicle; m, ribs of bursa; n, 
spermatozoa ; 0, bursa; p, egg; g, ribs of bursa; 7, ribs of bursa; s, egg; ¢, vulva; wu, anus; v, 
median bulb ; w, ribs of bursa; x, excretory pore ; ¥, ribs of bursa ; 2, ribs of bursa. 


PLATE XXXIXx. 


TRIPYLA MINOR. 


Fig. 1. Female worm. Fig. 2. Head of the same worm more highly magnified. Fig. 3. Tail of a female. 
Fig. 4. Tail of a female. Fig. 5. Tail of a female. Fig. 6. Front view of head. Fig. 7. Spinneret 
in the terminus of the tail. (Figs. 3, 4, 5 show difference in form and amount of motion.) 


a, one of the papille round the mouth; 4, one of the lateral set ; c, one of the submedian sete ; d, 
supposed lateral organ; e, anus; /, spinneret opening; g, anus; A, anus; 7, nerve-ring ; J, 
cardiac collum; k, egg; J, vulva; m, lateral seta ; m, one of the pairs of submedian setz ; 0, 


anus ; p, pharynx. 
PRISMATOLAIMUS INTERMEDIUS. 


Fig. 1. Female worm. Fig. 2. Head of the same worm more highly magnified. Fig. 3. Cardiac region 
showing structures (?) of unknown significance. Fig. 4. Portion of the female near the vulva. 
Fig. 5. Anal region. Fig. 6. Tail. Fig. 7. Terminus of tail. Fig. 8. Portion of body drawn to 
show striations and intestine. 
a, cephalic sete ; b, pharynx ; ¢, esophagus ; d, ovum; e, rectum; f, vulva; g, anus ; , posterior end 
of the esophagus ; 7, structures of unknown significance ; j, beginning of the intestine ; 4, blind 


end of ovary; /, vulva; m, terminus. 


DIPLOGASTER PARVUS. 


Fig. 1. Female worm. Fig. 2. Neck and head of another worm. Fig. 3. Head of female shown in Fig. 1. 
Fig. 4. Side view of body. Fig. 5. Anal region of a maie. 


a, pharynx ; 6, dorsal tooth ; ¢, lateral field; d, median bulb; e, lips; f, dorsal tooth; g, pharynx; h, 
cardiac bulb; 7, flexure of the ovary; j, blind end of ovary; &, vulva; /, anus; m, median 
bulb; n, nerve-ring; 0, cardiac bulb; p, intestine; g, male papilla; 7, male papilla; s, male 


papilla ; ¢, male pa; Na; w, male papilla; v, left spiculum ; w, accessory piece. 
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CEPHALOBUS INFESTANS. 


Fig. 1. Male worm. Fig. 2. Tail of same worm more highly magnified. Fig. 3. Anal region of a male. 
Fig. 4. Neck and head. 

a, male papilla ; b, male papilla; ¢, male papilla; d, male papilla ; ¢, left spiculum ; f, accessory piece ; 

g, lips; h, base of the pharynx; 7, nerve-ring; j, cardiac bulb; &, intestine; /, flexure in 


testicle. 
. PLATE Xt: 


DoryYLAIMUS EXILIS. 


Fig. 1. A female worm. Fig. 2. Tail of the same worm more highly magnified. Fig, 3. Cardiac region. 
Fig. 4. Head. Fig. 5. An egg. 
a, pre-rectum ; 6, rectum; c, anus; d, lips; e, spear; f, nerve-ring; g, vulva; h, cesophagus ; @, 


beginning of the intestine. 


DoRYLAIMUS GRANULIFERUS. 


Fig. 1. A female worm. Fig. 2. Tail. Fig. 3. Cardiac region. Fig. 4. Head. Fig. 5. Portion of the 
body. 
a, tip of the spear ; 6, papilla of the inner row ; ¢, papilla of the outer row ; d, papilla of the outer row ; 
e, intestine; f, lateral field; g, nerve-ring ; h, cardiac collum; 7, flexure in anterior ovary ; Jj, 
egg; k, vulva; 7, blind end posterior ovary; m, pre-rectum; mn, anus; 0, cesophagus near 
posterior end ; p, beginning of intestine ; q, rectum ; 7, anus. 


DoryYLAIMUS OBTUSUS. 


Fig. 1. Young female worm. Fig. 2. Tail. Fig. 3. Head and anterior part of the neck. Fig. 4. Tail. 
Fig. 5. Head. 
a, spear; b, lips; ¢, pre-rectum ; d, anus; e, intestine; f, pre-rectum ; g, anus; h, nerve-ring ; 7, nerve- 


ring; j, immature female sexual organs; &, anus; /, cesophagus. 


DorYLAIMUS PERFECTUS (7). 


Fig. 1. Female worm. Fig. 2. Head and neck of the same worm. Fig. 3. Tail. Fig. 4. Head. 


a, tip of the spear ; 0, one of the inner row of papille; e, one of the outer row of papille ; d, base of 


the lips ; e, nerve-ring ; f, intestine ; g, pre-rectum; fh, egg; 7, vulva; J, anus. 


PLATE XL. 


DoryYLAIMUS PERFECTUS. 


Fig. 1. Male worm. Fig. 2. Anterior part of the neck of the same worm. Fig. 3. Tail end of the male 
shown in Fig. 1. Fig. 4. Anal region. Fig. 5. Spiculum. Fig. 6. Portion of intestine. 

a, nerve-ring ; b, esophagus ; ¢, intestine ; d, intestine ; e, blind end of anterior testicle ; f, pre-rectum ; 

g, left spiculum ; h, anus ; 2, blind end of posterior testicle; 7, anus; /, papille ; /, junction of 

the testicles ; m, spear ; n, guiding-collar for spear ; 0, intestine ; p, ventral row male papille ; 

g, pore ; 7, papille ; s, gland; ¢, nerve-riog; uw, spiculum ; v, oblique copulatory muscles; w, 

oblique copulatory muscles ; x, esophagus where it enlarges ; y, tessellation of the intestine ; 2, 


a spiculum. 
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DoRYLAIMUS LONGICOLLIS. 
Fig. 1. Ayoung worm. Fig. 2. Female, nearly adult. Fig. 3. Head and anterior part of the neck. Fig. 4. 
Tail. Fig. 5. Vulva and vagina. Fig. 6. Portion of the body. 


a, nerve-ring; 6, esophagus; c, anus; d, anus; e, blind end of ovary; f, vulva; g, nerve-ring; h, 
cardiac collum ; 7, anus; j, pre-rectum ; 4, intestine ; /, lateral field; m, vagina; n, vulva; 0, 


lips; p, spear ; qg, nerve-ring ; 7, esophagus where it enlarges. 


PLATE XLi. 


APHELENCHUS LONGICAUDATUS. 
Fig. 1.. A female worm. Fig. 2. Anal region of a male. Fig. 3. Head and neck. Fig. 4. Region of the 
vulva. 


a, lips; 6, base of spear; c, bulb; d, excretory pore; e, bulb; f, excretory pore; g, nerve-ring; h, 


right spiculum ; 7, accessory organ ; j, anus; f, egg ; /, vulva; m, anus; n, egg; o, vulva. 


TYLENCHUS SIMILIS. 
Fig. 1. Head and neck. Fig. 2: Portion of the body. Fig. 3. Tailofamale. Fig. 4. Maleworm. Fig. 5. 
Anal region of a male: 
a, spear; 5, bulb ; c, excretory pore; d, striz; e, intestine; f, bursa; g, spicula ; A, bursa; 2, tips of 
the spicula. 
TYLENCHOLAIMUS ENSICULIFERUS. 
Fig. 1. Immature female. Fig. 2, Posterior part of the neck. Fig. 3. Anterior part of the neck. Fig. 4. 
Tail. 


a, tip of the spear; 6, narrow part of the shaft of spear; c, wider part of the shaft of spear; d, base of 
the spear; e¢, base of the spear ;, f, tube leading to bulb; g, bulb; , intestine. 


TYLENCHUS MULTICINCTUS. 


Fig. 1. Amale worm. Fig. 2. Neck and head. Fig. 3, Small portion of the body. Fig. 4. Head. Fig. 5. 
Tail of a male. Fig. 6. Tail of a male. Fig. 7. Tail of a female. 

a, Spear-guide ; 6, base of spear ; c, chitinous tube leading to bulb ; d, median bulb ; e, nerve-ring ; /, 

excretory pore; g, cardiac bulb; h, intestine ; 2, proximal ends of spicula ; j, shaft of spiculum ; 

k, accessory piece; /, lateral wings; m, bursa; mn, anus; 0, proxime of spicula; p, points of 


spicula ; g, bursa. 
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Mononchus digiturus, n. Sp. Mononchus gymnolaimus, n. sp. 





Rhabditis filiformis (2), B'ts'li. Mononchus minor, n. sp. 


Nematodes; Banana-plants, Fiji. 
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Aulolaimus exilis, n. sp. 


Monhystera rustica, B’ts'li. 





Dorylaimus labyrinthostomus, n. sp. Chromadora Musae, n. sp. 


Nematodes; Banana-plants, Fiji. 
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Young Rhabditis, sp. (?) Aphelenchus minor, n. Sp. Rhabditis coronata, n. sp. 





Rhabditis pellioides, B'ts'li. Rhabditis monhystera, B'ts'li. 


Nematodes; Banana-plants, Fiji. 
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Tripyla minor, n. sp. 


Prismatolaimus intermedius (7), B'ts'li. 
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Dorylaimus exilis, n. sp. Dorylaimus granuliferus, n. sp. 





Dorylaimus obtusus, n. sp. Dorylaimus perfectus (2), n. Sp. 


Nematodes; Banana-plants, Fiji. 
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Dorylaimus perfectus, n. sp. 





Dorylaimus longicollis, n. sp. 


Nematodes; Banana-plants, Fiji. 
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Aphelenchus longicaudatus, n. sp. Tylenchus similis, n. sp. 














Tylencholaimus ensiculiferus, n. sp. Tylenchus multicinctus, n. sp. 


= Nematodes ; Banana-plants, Fiji. 
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